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QUILL ON SCALPEL

V,

This section provides a medium through which Canadian surgeons can declare them selves, briefly
and informally, on the day-to-day affairs of surgery.

Current Concepts o<(1rvtem ar^atio^o^Fractures

4

A

The introduction of the compression
technique to treat fractures of long
bones has been followed by heated
arguments as to the ideal mode of
fracture healing. Some investigators
have stated that the healing process
of a properly executed rigid internal
fixation is characterized by primary
bone healing through organized lamel
lar bone.13 At no stage of healing
will an external callus be visible radiologically. In fact, the appearance of
callus is synonymous with failure to
maintain rigid internal fixation.
The suppression of the osteogenic
activity of the periosteum, not being
the goal but the result of rigid internal
fixation, is evidently not physiologic.
Mechanically, the periosteal callus is
most important since its role in
achieving stability is greater than that
of any other callus.
All three bone envelopes, the en
dosteal, Haversian and periosteal, con
tribute to the healing of conservatively
managed fractures. Generally, in the
absence of movement at the fracture
site, direct bone healing takes place,
whereas movement leads to indirect
healing or endochondral bone forma
tion. We have yet no proof that endo
chondral bone formation necessarily
delays union.
The process of union between the
fragments can be followed radiologically; the progressive bridging of the
external callus and the gradual disap
pearance of the fracture gap being
used as criteria of healing. Following
union between the fragments, the pro
cess of remodelling begins. This acti
vity permits the bone to regain its
original physical characteristics. Load
transmission is a prerequisite for
sound structural remodelling.
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Since the speed of healing is direct
ly proportional to the size of the
gap, efforts were made to approxi
mate the fragments. At the same time,
the intimate contact between the frag
ments increased the stability of the
reduction. Although the word com
pression is still used for this technique,
it has been shown repeatedly that this
static force has no osteogenic effect.4
To achieve good approximation,
heavier plates were necessary. These
rigid plates caused the suppression of
external callus as well as a more sub
stantial contribution of the Haversian
envelope to the process of union. This
process, demonstrated by newly form
ing osteons crossing the fracture cleft,
has been compared by Danis5 to en
dogenous welding (soudure autogene).
It is agreed that this technique does
not accelerate the healing process. In
certain instances, however, it can pre
vent delayed union and nonunion.
The use of rigid plates led to a
dilemma for the clinician: a radiologic
assessment of the progress of fracture
healing is impossible since the gap is
reduced to microscopic dimensions
during operation and external callus
does not develop. Added to these
disadvantages, obvious during the
phase of union, is bone loss during
the remodelling phase. The load, being
transmitted more through the plate
than through the bone, cannot exert
its normal influence on bone remodel
ling and bone loss results.6
This bone atrophy is not always
seen. Often, a loosening occurs
around screws and plates permitting
normal load transmission through the
bone. Unfortunately, it is impossible
to predict whether this loosening will

occur and, if it should, when. Loosen
ing that occurs before union of the
fragments will cause a radiologically
visible callus and reappearance of the
fracture gap through resorption of the
fragment ends, all indicating delay in
union.
In the absence of radiologic criteria
of bone healing, and thus of criteria
for plate removal, an empirical re
commendation is currently made to
remove implants 18 to 24 months
after internal fixation
Because of evident shortcomings of
rigid internal fixation, many re
searchers have sought a method of
reducing bone atrophy under the
plates.79 They believed that the goals
of internal fixation, namely good ap
proximation between the fragments
and stable maintenance of the reduc
tion, could be achieved with less rigid
plates. The results of their investiga
tions proved their point. Bone loss
during the remodelling phase was less
and the newly formed bone was struc
turally sound. Not only did they ob
serve a more physiologic remodelling
but also a different activity during the
phase of union. A small periosteal
callus appeared that was visible radio
logically and histologically. This woven
callus was formed through direct for
mation of bone. Cartilage, which
would indicate endochondral bone
formation and movement at the
fracture site, could not be found.
Neither this callus nor the callus
forming in areas where the bones
were not in intimate contact, could
be described as consisting exclusively
of highly organized lamellar bone.
Such formation was limited to areas
where the fragments were in direct
contact.
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Presumably, stable but not rigid
internal fixation is warranted in the
surgical treatment of fractures since
such a technique will permit a radiologic assessment of the progress of
healing. It will also reduce the degree
of bone loss. The main advantage,
however, is that it enables the cli
nician to use scientific, instead of
empirical, criteria to determine the
exact moment for plate removal.
Six articles in this issue of the
Canadian Journal of Surgery (pages
228 to 255) were selected from
papers presented at an international
symposium on internal fixation of
fractures organized in May 1979 by
the division of orthopedic surgery,
University of Ottawa. Over 40
speakers from 10 countries reported
their research work on rigid and more
flexible methods of internal fixation.
The proceedings of this symposium
will be published shortly.

“Zinacef

CEFUROXIME SODIUM INJECTION
Prescribing Information:

Indications and Clinical uses.- ZINACEF may be indicated for the
treatment of the following infections when caused by susceptible
organisms: lower respiratory tract, urinary tract and soft tissue
infections.
Appropriate culture and susceptibility studies should be performed
to determ ine the s u s c e p tib ility of the causative organism to
ZINACEF. Therapy may be started while awaiting the results of these
tests, however, modification of the treatment may be required once
these results become available.
Clinical studies have shown ZINACEF to be effective against infec
tions caused by sensitive strains of:
Gram positive cocci - Staphylococcus aureus
Streptococci (excluding S. faecalis)
Gram negative rods - Hemophilus influenzae
Escherichia coli
Proteus mirabilis
Klebsiella spp.

U H TH O FF.jMD, FRCS[C]

Professor and head,
Division of orthopedics,
University of Ottawa,
Ottawa, Ont.

References
1. Schenk R, W illenegcer H: Zur
Histologie der primaren Knochenheilung. Langenbecks Arch Chir 308:
440, 1964
2. Idem: Morphological findings in
primary fracture healing. Symp Biol
Hung 7: 75, 1967
3. W illenegcer H, P erren SM,
Sch enk R: Primare und sekundare
Knockenbruchheilung. Chirurg 42:
241, 1971
4. C outts RD, H arris WH, W einberg
EH: Compression plating: experi
mental study of the effect on bone
formation rates. Acta Orthop Scand
44: 256, 1973
5. D anis R: Theorie et pratique de I’osteosynthese, Masson, Paris, 1949
6. U htho ff HK, D ubuc F: Bone struc
ture changes in the dog under rigid
internal fixation. Clin Orthop 81:
165, 1971
7. A keson WH, Woo SL-Y, C outts
RD, et al: Quantitative histological
evaluation of early fracture healing
of cortical bones immobilized by
stainless steel and composite plates.
Calcif Tissue Res 19: 27, 1975
8. U h t ho ff HK, B ardos D: The use
of titanium-6A 1-4V plates in the
treatment of fractures. Transactions
of the 24th Annual Meeting of the
Orthopaedic Research Society 3 • 29
1978
9. Z enker H: Entwicklung und Erprobung einer elastischen Osteosyntheseplatte im Tierexperiment. Presented
at 156 Kolloquium der Medizinischen
Fakultat der Ludwig-MaximillianUniversitat, Munich, July 17, 1974
214

Precautions: The safety of ZINACEF in the treatment of infections
during pregnancy has not been established. If the administration of
ZINACEF is considered to he necessary, its use requires that the po
tential benefits be weighed against possible hazards to the patient
and to the fetus. Animal studies have shown ZINACEF to affect bone
calcification in the fetus and to show maternal toxicity in the rabbit.
The safety of ZINACEF for the treatm ent of infections in infants
children and nursing mothers, has not been established.
Prolonged use of ZINACEF may result in the overgrowth of nonsusceptible organisms. Careful observation of the patient is there
fore essential, and if superinfection should occur during therapy,
appropriate measures should be taken. Should an organism become
resistant during a ntibiotic therapy, another antibiotic should be
substituted.
P atients w ith renal or hepatic im pairm ent should be carefully
monitored during therapy w ith ZINACEF. Patients w ith impaired
renal fun ctio n should be placed on the special dosage recom
mended under DOSAGE AND ADMINISTRATION, because normal
doses in these individuals are likely to produce excessive serum
concentrations.
Studies suggest that the concurrent use of potent diuretics, such as
furosemlde and ethacrynic acid, may increase the risk of renal tox
icity w ith cephalosporins.
ZINACEF may interfere w ith Benedicts and Fehling's tests for
glycosuria. It may cause false negative reactions in the ferricyanide
test, and possibly, may cause an erroneously high reading in the
alkaline picrate test for creatinine.
Adverse reactions: The follow ing reactions have been observed
during treatment with ZINACEF
Hypersensitivity: rash and eosinophilia. Anaphylaxis, pruritus and
drug fever have also been observed with cephalosporin therapy.
Local reactions: thrombophlebitis, stiffness at the site of injection
and inflammatory reactions at the site of injection. Some degree of
pain, after intram uscular injections when using water as the d i
luent, has been observed.
Blood: increased erythrocyte sedimentation rate and decreased
hemoglobin. Some patients developed a positive direct Coombs test.
Renal: increases in BUN and serum creatinine.
Hepatic: transient increases in serum bilirubin, transaminases and
alkaline phosphatase.
Others: drowsiness, loose stools, faint feeling, sweating, palpita
tions and Candida intertrigo.
Symptoms and treatment of overdose: Other than general suppor
five treatm ent, no specific antidote is known. Excessive serum
levels of cefuroxime can be reduced by dialysis. For treatment of
hypersensitivity reactions, see WARNINGS.

/

Serum creatinine
(mg/mL)

Glomerular filtration rate
(mL/min)*

Dose of ZINACEF
(mg)

2 .0 - 3 .5
3 .5 - 6 .0
> 6 .0

2 0 -5 0
1 0 -2 0
< 10

500 t.i.d.
500 b.i.d.
500 q.d.

Patients on dialysis should receive an additional dose of 500 mg at
the end of dialysis.

Warnings: Before therapy with ZINACEF is instituted, careful inquiry
should be made concerning previous hypersensitivity reactions to
cephalosporins, penicillins or other drugs. ZINACEF should be given
only w ith caution to penicillin-sensitive patients.
There is some clin ical and laboratory evidence of partial cross
allergenicity of the cephalosporins and penicillins. Patients have
been reported to have had severe reactions (including anaphylaxis)
to both types of drugs.
Any patient who has demonstrated some form of allergy, particularly
to drugs, should receive antibiotics, including ZINACEF, with cau
tion. If an allergic reaction to ZINACEF occurs, administration of the
drug should be discontinued. Serious acute hypersensitivity reac
tions may require treatment w ith epinephrine and other emergency
measures.

VOLUME 23, NO. 3, M A Y 1980

Dosage in adults w ith impaired renal function: ZINACEF may be
used for patients with impaired renal function but a reduced dosage
must be employed and serum levels of cefuroxime may need to be
monitored. The following Table shows the dosage recommendations.

"For more precise calculations, whenever possible, the glomerular
filtra tio n rate should be used.

Contraindications: Hypersensitivity to cephalosporins.

j HK.

Dosage and administration: Adults: the intramuscular dose is 750
mg three times daily and the intravenous dose is 750 mg or 15 g
three times daily.
For most infections the usual recommended dosage is 750 mg every
8 hours (2.25 g/day) and may be administered either l/M or l/V.
For severe or life-threatening infections, the higher dose is sug
gested. For infections of the lower respiratory tract, caused by gramnegative organisms, the higher dose may also be required. A nti
biotic therapy for infections caused by B-hemolytic streptococci
should be continued for at least 10 days.
There is insufficient evidence for recommending the use of ZINACEF
in children or in nursing mothers.

Preparation of solutions: For intram uscular use: Add 3.2 mL of
Water for Injection to a vial containing 750 mg of ZINACEF and
shake gently to produce an opaque suspension. The total volume
obtained is approximately 3.7 m l.
For intravenous use: When a single bolus injection is prepared, 750
mg of ZINACEF is dissolved in 7 mL of Water for Injection, which pro
vides a volume of approximately 7.5 mL. Reconstitution of 1.5 g of
ZINACEF is done by adding 19 mL of Water for Injection, thereby ob
taining an approximate volume of 20 mL.
For short intravenous infusion, 1.5 g of ZINACEF is dissolved in
49 mL of Water for Injection, resulting in an approximate volume of
50 mL.
Administration: Intramuscular: ZINACEF should be injected into a
large m uscle mass to m inim ize pain. As the preparation is in
suspension form, a 21 gauge needle should be used.
Intravenous: ZINACEF may be administered intravenously either by
a bolus injection or by a short intravenous infusion over a period of
approximately 30 minutes.
For continuous intravenous infusions, a solution of ZINACEF (1.5 g
dissolved in 19 mL of Water for Injection) may be added to a suitable
bottle containing an appropriate intravenous infusion fluid in the
amount calculated to give the desired antibiotic dose.
Compatibility: Reconstituted primary solutions of ZINACEF may be
further diluted with Sodium Chloride Injection B.P, 0.9% w/v 5%
w /v Dextrose Injection B.P. or Compound Sodium Lactate Injection
B.P. (Hartmann's Solution).
NOTE: The pH of 2.74% w /v Sodium Bicarbonate Injection B.P con
siderably affects the colour of the solution, therefore, this solution is
not recommended for the dilution of ZINACEF. However, if required,
for patients receiving Sodium Bicarbonate Injection by infusion, the
ZINACEF may be introduced into the tube of the set.
NOTE ZINACEF should not be mixed with aminoglycoside antibiotics
(e.g. gentamicin sulfate, tobramycin sulfate, amikacin sulfate) be
cause of potential interaction.
stability: The dry powder in vials should be stored below 25°C and
protected from light.
Suspensions of ZINACEF for intramuscular injection and aqueous
solutions for intravenous injection retain their potency for 6 hours if
kept below 25°C, and for 48 hours if refrigerated. More dilute solu
tions, i.e. 1.5 g in 50 mL Water for Injection, retain their potency for
at least 12 hours if kept below 25°C, and for 36 hours when re
frigerated. Some increase in the intensity of colour may occur on
storage.
Dosage forms: ZINACEF is available for intramuscular or direct in
travenous injection in 18 mL vials containing cefuroxime sodium
powder equivalent to 750 mg of cefuroxime, in packs of five.
For intravenous injection, 30 mL vials contain cefuroxime sodium
powder equivalent to 1.5 g of cefuroxime, in individual packs.
For intravenous infusion, ZINACEF is available in 75 mL vials con
taining cefuroxime sodium powder equivalent to 1.5 g of cefuroxime
in individual packs.
Product Monograph available on request.

PAAB

CCPP
References:
1) Product Monograph
2) Adapted from Proc. Roy. Soc. Med. (1977) 70, Suppl. 9, p.7 and
Product Monograph
3) Proc. Roy. Soc. Med. (1977) 70, Suppl. 9, p.26

Glaxo Laboratories
A GLAXO CANADA LIMITED COMPANY
Toronto, Ontario Montreal, Quebec

LE 11505-8003

THE CANADIAN JOURNAL OF SURGERY

Anewchoice in
firstchoicehospitalantibiotics.
Zinacef is a new third generation injectable
cephalosporin with advantages that
make it an excellent first choice antibiotic.

• Lower individual dosage (750 mg) and longer half-life
(70 minutes)1than otherthird generation cephalosporins.
• Convenient eight-hour dosage interval for a low
usual daily dose of 2 .2 5 g.1
• Therapeutically effective levels throughout body
tissues.1

Unlike most penicillins and cephalosporins which
are inactivated by 6-lactamase producing pathogens,
Zinacef has a novel structure (the addition of an
a methoximino group)1which helps protect the betalactam ring against destruction.

n cc

c h 2o c o n h ,

CE-

p
o

m lk
| | ^

15glv
750 mg I .M.

jt ] u j

<C C5)|

U _ 0 cc D O

LUO

O

i

LO i

o o o u_ Lxjr^-

Zinacef has a broad range of activity
and excellent pharmacokinetics:
• Rapidly absorbed and not meta
bolised, yielding high levels
(91-96%) of active unchanged
antibiotic in the urine.1

:

u jQ

NOCH

comn
for most common
pathogens.

t

O LU O Q
5

C ---- CONH

MMM Range of M.I.C.'s

150

J#

//###//

000
r r0 00 0
0 0 0 0 0 0 0 0 ~0'00 0 0 0

0
1
2
3 4
Time from dose (hours)

5

6 7 8
Reference 2

Zinacef hasa high intrinsic activity against the
range of Gram-positive and Gram
negative pathogens responsible for
the vast majority of hospital
infections.1 Up to 92 % of isolated
pathogens were effectively treated
by Zinacef.3

From Glaxo Laboratories We started cephalosporin research. And we’ve never stopped.

Relation between Hepatic Lesions and Use of
^Oral Contraceptive^ >
Cx
w \g .
With over 25 million women taking
the oral contraceptive pill, it is not
surprising that a large variety of con
ditions are attributed to its use. Fre
quently there is no documentation of
the use of oral contraceptives in
medical histories, which makes retro
spective studies of questionable value
in attempting to establish a causal
relationship to various conditions.
Once such a possible association
finds its way into the medical liter
ature, it becomes difficult to eliminate.
An example of this is seen in Dixit’s
review “Liver and the contraceptive
pill” in this issue (page 222). In the
introduction, and adverse relation
between the pill and breast cancer is
implied. In fact, published epidemio
logic studies have shown no definite
association, either positive or negative,
between oral contraceptive use and
the subsequent development of breast
cancer.1 However, this is not the case
with respect to hepatic tumours, a
subject thoroughly reviewed by Dixit.
Baum and her colleagues in their
1973 report of seven cases2 first
drew attention to a possible causal
relation between oral contracep
tives and hepatic tumours. Over the
next 3 years at least 117 such cases
were described and 120 more were
cited in the literature but not docu
mented. The interested reader is re
ferred to an excellent and exhaustive
review of these cases by Klatskin.3
In 1977, the commission on cancer
of the American College of Surgeons
strongly supported the suggested as
sociation between oral contraceptive
use and benign liver tumours.4 A
retrospective survey was made of
primary liver tumours reported by
420 hospitals with cancer programs
approved by the American College of
Surgeons during the period 1970
to 1975. A striking difference in the
distribution of liver tumours in
women was noted between users and
nonusers of oral contraceptives.
Among oral contraceptive users, 74%
of the 173 tumours were benign,
which was consistent among all age
groups, as compared with nonusers
in whom 45% of 69 tumours were
benign. Among the nonusers, the fre
quency of benign tumours increased
with age. Benign hepatic tumours,
both adenomas and focal nodular
216

hyperplasias, were found more fre
quently among those who took oral
contraceptives than among those who
did not; however, the relative propor
tions of each class in the population
are not known. Intraperitoneal bleed
ing was a frequent presenting symptom
of adenoma among users. Several clini
cal and epidemiologic implications
were drawn from the survey: (a) the
large number of benign tumours re
ported suggested that clinicians should
be alert to possible liver changes in
young women on oral contraceptives
presenting with even vague and non
specific abdominal symptoms; (b) con
sideration should be given to the pos
sibility of liver disease before oral
contraceptives are prescribed; and (c)
careful follow-up is indicated of per
sons taking oral contraceptives who
have a history of pathologic change
in the liver. However, to put these
suggestions into proper perspective, in
the 7-year prospective study of oral
contraceptives conducted by the
Royal College of General Practi
tioners in Great Britain, not one
hepatic tumour was encountered in
women receiving such agents or in
any of their controls5 during a total ex
posure period of 186 000 patient-years.
This does suggest that if these agents
are oncogenic, they produce tumours
only rarely.
Unfortunately, Dixit’s review fails
to discuss a potentially important dis
tinction between hepatic cell adeno
mas and benign hepatomas on the one
hand and focal nodular hyperplasia
on the other,6 although the pathologic
distinction between the two may be
come less clear in cases associated
with the use of oral contraceptives.7
Grossly, hepatic cell adenoma presents
as a smooth, solitary, relatively soft
and sharply circumscribed mass of
variable size. On cross-section, the
tumour is lighter in colour than the
adjacent intact liver, has a fleshy ap
pearance and may show foci of
hemorrhage. It is never frankly
nodular or fibrotic. Microscopically,
the predominant feature is a prolifer
ation of liver cells mostly resembling
normal hepatocytes; there is a paucity
or absence of portal triads, bile ducts
or central veins. In focal nodular
hyperplasia, the tumour is more
hyperplastic and presents as a firm,
VOLUME 23, NO. 3, M A Y 1980
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grossly nodular mass which contains
a central stellate fibrous core with
radiating, branching septa that sub
divide the tumour into nodules.
Microscopically, the lesion resembles
that of inactive cirrhosis. The fibrous
septa contain numerous proliferating
bile ducts, vessels and inflammatory
cells.
A distinct clinical difference be
tween these two lesions is evident in
nonusers of oral contraceptives. In a
review of 234 nonusers of the oral
contraceptive pill with focal nodular
hyperplasia gathered by Klatskin,3 only
1 (0.4%) presented with acute abdo
minal pain due to rupture of the
tumour; 76% of tumours were asymp
tomatic and were found at laparotomy
for other reasons or at autopsy; 75%
were smaller than 5 cm in diameter.
In contrast, in 138 patients with
hepatic cell adenomas who were not
taking oral contraceptives, 25% pre
sented with acute abdominal pain and
shock secondary to tumour rupture
with hemoperitoneum or hemorrhage
into the tumour. Only 20% of the
tumours were asymptomatic and were
found at laparotomy or autopsy.
The remaining patients had a palp
able abdominal mass or chronic
pain. Over 80% of the tumours were
greater than 5 cm in diameter.
For the purposes of diagnosis and
management, clinical differences be
tween the two conditions are less
distinct in women taking oral contra
ceptive pills. However, the effect of
oral contraceptive use on each of
these lesions in striking. According
to Klatskin,3 in pill users with
hepatic cell adenoma, the major
presenting complaint in over 66% is
acute abdominal pain attributable to
either rupture of the tumour with
hemoperitoneum or hemorrhage into
the tumour. Less than 10% of the
tumours are asymptomatic. By con
trast, in pill users with focal nodular
hyperplasia, 50% had asymptomatic
tumours that were discovered unex
pectedly during laparotomy for other,
unrelated diseases. Nevertheless, in
this group as well, over 20% pre
sented with acute abdominal pain
caused by tumour rupture or hemor
rhage. In general, tumours were con
siderably larger in users of the pill
than in nonusers, being 5 cm or

THE CANADIAN JOURNAL OF SURGERY

larger in diameter in 97% of patients
with adenomas who were taking oral
contraceptives and in 79% with focal
nodular hyperplasia compared with
73% and 24% respectively in non
users.
The larger size and the propensity
of the benign hepatic tumours, both
adenomas and hyperplasias, to bleed
in women taking oral contraceptives
suggests that such agents may affect
the vasculature of these lesions and
that hepatic cell adenoma and focal
nodular hyperplasia may be related
lesions at least when they are asso
ciated with oral contraceptive use.
A very small number of malignant
hepatic tumours have been encoun
tered in women taking oral contra
ceptives. Also, there is a suggestion
that these may have evolved from
benign adenomas whereas examples
of such transformation have never
been reported in nonusers of oral
contraceptives. These possibilities can
not be assessed on the basis of avail
able evidence.
Long-term follow-up data on the
clinical course, which is available for
only a small number of the patients
with hepatic tumours associated with
the use of oral contraceptives, is sum
marized by Klatskin.3 There is consi
derable evidence that tumours have
substantially regressed and even dis
appeared after oral contraceptive
therapy has ceased. As well, there
have been several cases of tumour
recurrence following successful re
section in patients who continue to

use oral contraceptives. In all cases
the recurrent tumours, which were
subject to biopsy alone, regressed
after withdrawal of oral contracep
tives. In none of the tumours left
in situ has there been documented
evidence of progression or malignant
transformation following withdrawal
of medication. A very conservative
surgical approach is indicated, as sug
gested by Dixit, particularly in cases
that clinically can be diagnosed as
focal nodular hyperplasia or that may
be discovered incidentally at laparo
tomy for other purposes. In patients
who undergo emergency surgery for
intra-abdominal rupture or intramural
hemorrhage the approach also should
be conservative. Major anatomical re
section of the liver is seldom if ever
indicated. Withdrawal of the oral con
traceptive and careful follow-up are
mandatory.
Another condition affecting the
liver that may be related to the use of
oral contraceptives and is not re
viewed by Dixit is major thrombosis
of the hepatic veins with development
of Budd-Chiari syndrome.8 An appre
ciable percentage of such patients pres
ent with nonspecific symptoms of mal
aise and abdominal pain over a long
period. The early recognition of this
syndrome is important for rapid insti
tution of anticoagulant or fibrinolytic
therapy. Failing this, surgical inter
vention with the performance of a
side-to-side portacaval shunt can be
life-saving and compatible with a
normal survival.9
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SESAP III Question
Item 639 inaugurates the use of material from SESAP III in each issue of the Canadian Journal
of Surgery. This self-assessment program is available by request to the American College of Surgeons,
55 East Erie St., Chicago, 111. 60611, USA. It is composed of three books of multiple choice items,
three books of patient management problems, a booklet of neurosurgical items (if desired) and answer
sheets and the discussion of each item.
639. A patient with bilateral fractures of the femoral shaft has a head injury and is confused and
combative one week after injury. The best method of managing these fractures is to
(A)
(B)
(C)
(D)
(E)

continue skeletal traction
initiate cast bracing
perform internal fixation
institute external pin fixation (Roger Anderson, Hoffmann)
apply plaster dressings (casts)

For the incomplete statement above select the completion that is best of the five given.
For the critique of Item 639 see page 250 of this issue.
(Reproduced by permission from SESAP III Syllabus: Surgical Education and Self-assessment Program
No. 3.)
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The patient with ulcerative colitis ready for application in selected pa
who has endured ill health and chronic tients by surgeons who have a special
diarrhea usually has little trouble interest and training in the technique.
adapting to life with a conventional The technique must be precise; there
ileostomy. When the stoma is well are many nuances to the procedure
placed and well constructed, with sur and the postoperative management,
rounding skin that is healthy and un and each one is important. A suc
scarred, most patients find that the cessful procedure is very pleasing to
ileostomy is not a serious disability, the patient, and it is the experience
but rather a liberation from the bur of all those reporting their results that
den of their disease. There is no doubt once patients have had any period of
that they must adjust to a new way continence with the ileostomy pouch
of life and that some ileostomates they do not wish to return to the
make this adjustment more readily conventional ileostomy. The procedure
than others. Some find it difficult to is indicated in any patient who cannot
accept their new body image, and manage a conventional ileostomy and
feel that they have been mutilated, in some patients who will not consent
even though they may not explicitly to a conventional ileostomy. Some
express these feelings. Others, parti patients who are in jeopardy from
cularly young adults, feel their sexual carcinoma, complications of ulcerative
identity is impaired and fear intimacy colitis or multiple polyposis may ac
with a sexual partner because of the cept more readily the need for an
presence of an ileostomy appliance.1 ileostomy if it is to be of the con
Some have difficulty keeping an ileos tinent type. One must be particularly
tomy appliance in place due to scar cautious in selecting patients who
ring of the abdominal skin. Some think that the continent ileostomy will
have sensitive or allergic skin that return them to normal; some are so
makes wearing an appliance a con fastidious that they are incapable of
stant ordeal. These problems and catheterizing their pouch.2
others have been helped immensely
It is only ethical and fair that
by ostomy associations and by enter the patient be fully apprised of the
ostomal therapists. The former have problems that have been encountered
been especially helpful in educating by pioneers in this field, that over
the patient and in acting as effective 50% of patients to date have had to
consumer groups that have brought have more than one operation to
about better commercial products for achieve a good result, and that a
the ostomate. Enterostomal therapists mortality of up to 8% has been re
have effected better professional man ported.3'5
agement of patients and their problem
Chronic enteritis within the pouch
by providing time, ingenuity, know is not mentioned in the report of
ledge and explanation in preoperative Cohen and Stone, but it is a complica
and postoperative care, and by help tion that has been encountered. It is
ing manufacturers meet the needs of characterized by diarrhea, sometimes
the patients. Despite all these efforts, bloody, and by abdominal pain. Sul
there are some patients who cannot fasalazine taken orally may alleviate
manage with the standard conven the process, but a period of pouch
tional ileostomy, and it is these pa decompression by catheter may be re
tients who are particularly suitable quired. Rarely, the condition may be
so severe that the pouch must be re
for the Kock continent ileostomy.
In this issue (page 259) Cohen moved.
and Stone report the results of their
The contraindications to the Kock
initial experience with this procedure ileostomy are just as important as
with commendable candour. The re the indications. It should not be used
sults are very similar to those re in patients with Crohn’s disease be
ported from other centres. Unfortu cause the results have been poor. It
nately, some reports have failed to should not be done on patients who
emphasize the considerable problems are taking adrenocorticosteroids; the
encountered with the procedure, even suture lines are long and complicated,
in the very capable hands of its the potential for infection and fistula
originator.
formation is ever present and only
The Kock ileostomy is certainly the best conditions for wound healing
218
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should be accepted. It should not be
done as part of an emergency opera
tion for ulcerative colitis; the conti
nent ileostomy is time consuming and
requires precision, and the surgeon
must not be rushed in constructing the
pouch. A moot point is whether it
should be done as a primary proced
ure or only in those who have es
sayed life with the conventional ile
ostomy. If it is performed as a primary
procedure, it must be appreciated that
it may add as much as 2 hours of
operating time to a proctocolectomy.
It appears from the report of Cohen
and Stone, and the experience of
others, that the Kock continent ileos
tomy pouch is now a proven and
acceptable procedure and that the
technical problems are almost re
solved. Nevertheless, problems have
been such that, at present, the pro
cedure should be only offered to a
select few and be performed by sur
geons who have a special interest
and sufficient experience to establish
a low morbidity and negligible mortal
ity. No patient should be given the
impression that the continent ileos
tomy is a routine procedure with
invariably good results.
I.E . M u llen s ^
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your patient as much vitamin C as 1650 onions; and each capsule
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Dr. J e s s ie G ray (1910 to 1978)

proven in burns

Flamazine

now indicated for leg ulcers

Dr. Jessie C. Gray, Canada’s first
woman surgeon, who contributed
much to Canadian surgery, died on
Oct. 16, 1978 after a long illness.
Jessie Gray’s home was Toronto.
There she received most of her edu
cation and spent her entire profes
sional life.
As an undergraduate at the Univer
sity of Toronto, she exhibited her
leadership ability as president of the
Medical Women’s Undergraduate As
sociation, and she won the Moss
scholarship for all-round competence.
She wae also a very able athlete,
particularly in the sports of tennis and
field hockey. In 1934, she won the
gold medal for the highest standing in
the graduating class in medicine—the
first woman to receive this honour.
After her post-graduate training,
Jessie Gray joined the staff of the
Women’s College Hospital in Toronto.
She became surgeon-in-chief and held
the post from 1945 to 1965. She was
assistant to Dr. Roscoe Graham at
the Toronto General Hospital and
was actively involved in teaching as
associate professor in the Faculty of
Dentistry and assistant professor of
surgery in the Faculty of Medicine a f
the University of Toronto.
Dr. Gray’s professional life was a
succession of “firsts”. She was the
first woman to be enrolled in the

famous Gallie course in surgery at
the Toronto General Hospital, the
first woman resident surgeon at the
Toronto General Hospital, the first
woman to obtain a master of surgery
degree at the University of Toronto
and the first woman to earn a fellow
ship in the Royal College of Physi
cians and Surgeons of Canada as a
surgical specialist. Nor were these
“firsts” confined to Canada. As a
fellow of the American College of
Surgeons, she was the first woman to
address its annual congress; she was
the first woman member of the
Central Surgical Association of North
America; and, in 1954, she received
The Elizabeth Blackwell Citation of
the New York Infirmary.
Her scientific papers appeared in
many surgical journals. Most of them
dealt with surgery of the gastro
intestinal tract. She collaborated with
Dr. Roscoe Graham to write the
chapter on the colon in Warren H.
Cole’s “Operative Technique”.
Following her retirement in 1965,
she was appointed to the newly
formed Science Council of Canada
and was made a life fellow of the
Academy of Medicine in Toronto. In
1973, she received a civic award of
merit from Toronto’s Mayor Crombie
for her distinguished public service.
This first woman of Canadian sur
gery earned the profound affection
and respect of friends, colleagues,
students and patients. She was dyna
mic, cheerful and forthright with a
great deal of realism and self-disci
pline. These attributes helped her to
accept the progressive incapacity of
prolonged illness with great fortitude
and understanding.
Friends and colleagues of Dr. Jessie
Gray have opened a fund in her
memory. The proceeds will be used to
develop the Jessie Gray memorial
gastrointestinal unit at Women’s Col
lege Hospital.
R.D. H e n d e r s o n , M B , FRCS[C],
Chief of surgery,
Women’s College Hospital,
Toronto, Ont.

FACS

A b rid g e d P r o d u c t In fo rm a tio n
Chemical Name

Silver 2- (4-aminobenzenesulfonamide) -pyrimidine.
Description

Silver sulfadiazine is a light-stable white powder, very slightly soluble in
water and most organic solvents, but readily dissolved in nitric acid and
concentrated ammonia solutions.
Composition

Silver sulfadiazine 1% in a cream base.
Action

The action of silver 2- (4-aminobenzenesulfonamide)-pyrimidine is
bactericidal. Little of the active ingredient is absorbed; the silver
sulfadiazine acts as a drug depot which reacts slowly with cellular debris
and microorganisms on the burn wound to release that amount of
sulfadiazine which is absorbed. The silver remains largely at the wound
surface.
There is little delay in the bactericidal activity of silver sulfadiazine, and
the experimental evidence suggests that its site of action is the bacterial
cell membrane. Silver sulfadiazine inhibits DNA, RNA, and protein
synthesis which may explain its bactericidal activity.
Silver sulfadiazine has been shown to be effective in vitro against various
strains of the following pathogens isolated from infected burn wounds:
Pseudomonas aeruginosa, Aerobacter aerogenes, E. coli, Proteus mirabilis,
Candida albicans, Proteus vulgaris, Staphylococcus aureus, Klebsiella
spp., Aspergillus niger.
Indications and Clinical Uses

Flamazine is indicated for the adjunctive treatment and prevention of
infection in severe burns and leg ulcers. Flamazine is particularly effective
against Gram negative organisms, such as Pseudomonas aeruginosa.
Flamazine has not caused electrolyte disturbance, acidosis or subsequent
hyperventilation. It causes very little skin sensitization and there is no
pain on application. Flamazine does not cause argyria and does not cause
staining of the skin or bedclothes. The development of bacterial resistance
to Flamazine would seem to be slight.
A disadvantage that has been noted, in burn therapy, is a delay in the
separation of slough from the burn wound, due to the absence of bacteria
which contribute to slough separation by producing proteolytic enzymes
and by stimulating leucocytosis.
Contraindications

Flamazine is contraindicated in women of child-bearing age, unless the
burnt area is more than 20% of the total body surface, or in the
investigator's judgment benefit outweighs risk. Further, because
sulfonamide therapy is known to increase the possibility of kernicterus,
Flamazine should not be used in pregnant females at term, in premature
infants, or in newborn infants in the first month of life.
Warnings

Flamazine should not be used in patients with a known, or suspected,
sensitivity to sulfonamides.
Precautions

Flamazine should be used with caution if hepatic or renal function is im
paired. The cream should be applied with a sterile gloved hand or spatula.
Each jar and tube of Flamazine cream should be reserved for the exclusive
use of a single patient, and any remaining cream should be discarded on
completion of treatment. Flamazine should be stored in a cool place.
Adverse Reactions

Sensitivity has been observed, but the incidence is lower than with other
.sulfonamides. A fall in white blood count has been demonstrated occa
sionally, but this is not thought to be associated with the treatment per se
and more likely reflects the condition of the burned patient.
Symptoms and Treatment of Overdosage

As a topical preparation, Flamazine does not lend itself to overdosage by a
systemic route; topically applied it has shown little evidence of toxicity in
experimental animals, and the clinical situations in which it has been
studied are such that evidence of systemic toxicity, if any, is unlikely to be
revealed.
The absorption studies which indicate that only a small percentage of
sulfadiazine and virtually no silver are absorbed suggest that overdosage
following topical administration, even on burned skin, is unlikely to be a
problem.
Dosage and Administration

Flamazine should be applied topically in a layer approximately 3-5 mm
thick with a sterile gloved hand or spatula, daily, or more often as
required. The wound may be dressed or left open.
Duration of administration can be from a few days to several months,
depending upon the nature and severity of the wound. Treatment should
be continued until satisfactory healing has occurred or until the burn site
is ready for grafting. The drug should not be withdrawn from the
therapeutic regimen while there remains the possibility of infection
except if a significant adverse reaction occurs.
Dosage Forms

Flamazine is presented as a cream containing 1% w /w silver sulfadiazine
in containers of 500 g and tubes of 50 g.
Complete product monograph available on request.
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They should share the
IT11 same treatm ent.

Flamazine

The antibacterial of choice
for burns is also the logical
choice for leg ulcers.
Flamazine
has met one of the toughest challenges of
topical antibacterial therapy. Major burns
And the reasons that have made it the
number one antibacterial in burn
therapy make it the logical anti
bacterial for the treatment of
leg ulcers.
Unsurpassed effectiveness.
-lamazine is bactericidal and
ungicidal. Its exceptionally
jroad spectrum covers most
najor pathogens, including
staph, aureus, Pseudomonas
leruginosa and Candida
ilbicans.
PAAB
CCPP

And the dual bactericidal action of silver and sulfadiazine prevents the
emergence of resistant strains.
Unsurpassed safety. Flamazine has been used extensively on full
thickness burns, yet the incidence of systemic effects and sensitization
was reported to be less than 'U of 1%!' Sensitization to topical anti
biotics or antiseptics often disrupts the
treatment of leg ulcers. This problem
is unlikely to occur with Flamazine.
Soothing pain relief.
Flamazine actually relieves
the pain and itching of leg
ulcers. And its water-miscible
base allows it to be removed
easily and painlessly.
1. Data on File. Smith & Nephew Inc.
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Oral contraceptives have been used
for many years and a number of
adverse effects have been recognized
(e.g., jaundice, deep vein thrombosis,
thromboembolic disease, gallbladder
disease, breast carcinoma, endometrial
carcinoma and photosensitivity).
Tumour-like lesions of the liver have
also been reported. The presenta
tion of such tumours, their man
agement and pathologic features are
reviewed. The biochemical effects
of the oral contraceptive on the
liver, with particular reference to
jaundice, are discussed in detail.
Les contraceptifs oraux sont utilises
depuis plusieurs annees et divers
effets secondaires ont ete identifies
(ictere, thrombose veineuse profonde,
maladie thromboembolique, troubles
de la vesicule biliaire, cancer
mammaire, cancer de I'endometre et
photosensibilite). Des lesions du
foie d’aspect tumoral ont aussi ete
signalees. Le tableau clinique de ces
tumeurs, leur traitement et leurs
caracteristiques pathologiques sont
passes en revue. Les effets
biochimiques des contraceptifs oraux
sur le foie, en ce qui concerne
I’ictere surtout, sont discutes en
detail.

Estrogen-progesterone combinations
taken orally for contraception and
estrogens taken to alleviate the sympFrom the department of surgery,
Woodstock General Hospital,
Woodstock, Ont.
Supported by Physician’s Services Inc.
Foundation grant no. 77-6
Accepted for publication July 6, 1979
Reprint requests to: Dr. S.P. Dixit,
550 Ingersoll Ave., Woodstock,
Ont. N4S 4Y2
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toms of menopause have been used
for many years but only recently have
some of their long-term effects be
come apparent. The common adverse
effects include thromboembolic dis
ease,1 deep vein thrombosis,2,3 myo
cardial infarction,4-6 hypertension,7
gallbladder disease,8-10 jaundice,11,12
breast cancer,13 endometrial cancer14,15
urinary infection,16 photosensitivity,17
erythema nodosum18 and erythema
multiforme.19 Attention has been fo
cused on the formation of he
patic tumours in patients receiving
anabolic steroids and oral contracep
tives or estrogens. The oncogenic
potential of estrogen20,21 is well known;
for example, estrogen may cause clear
cell carcinoma of the vagina, carci
noma of the cervix and carcinoma of
the breast.
All contraceptive pills contain 17-aalkynyl-substituted-19-norsteroids. Or
al contraceptives are combinations
of synthetic progestogens and estro
gens in a ratio of 10:1 or greater.
The progestogens that have been used
are norethindrone, norethindrone ace
tate, norethynodrel, lynestrenol and
ethynodiol diacetate (1 to 10 mg). The
estrogens used are ethinyl estradiol
or its 3-methyl ether, mestranol (0.05
to 0.15 mg). In 1969 it was estimated
that, world wide, 15 million women,
including 6 million American women,
were taking oral contraceptives.22 In
the 15 years before 1970 about 300
cases of jaundice were reported, the
highest incidence being in Scandinavia
and Chile,11,12 where jaundice may de
velop in 1 in 4000 women, compared
with 1 in 10 000 in North America.23
In some women the angiotensinaldosterone system is activated by oral
contraceptives and produces hyperten
sion in women who have a family
history of this condition. In 53% of
VOLUME 23, NO. 3, M A Y 1980
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women on oral contraceptive pills a
raised blood pressure will be present
on one visit, and in about 30% there
will be a raised blood pressure on
more than one visit. Plasma albumin
concentrations may be slightly in
creased.
It is generally agreed that the bio
chemical effects of oral contracep
tives are reversible and in most cases
are transient.
Background

Following treatment of a woman
who had been taking oral contracep
tives for 7 years and had experienced
spontaneous rupture of the liver,24 I
reviewed the current literature relating
to tumour-like lesions that developed
in women taking oral contraceptives
and the biochemical effects of the oral
contraceptives on the liver. This
paper presents the findings of my
review.
Patients with Liver Tumours

Since 1973 when Baum and col
leagues25 described hepatic adenomas
in seven women who were taking con
traceptive pills, there has been an
increase in the number of reports of
such tumours. Chan and Detmer26 re
viewed 92 cases including 4 of their
own. They classified these tumours
into ruptured and nonruptured hepatic
adenomas. One third of the tumours
were found incidentally at abdominal
operations such as cholecystectomy
and hysterectomy. Of 93 cases re
ported to date one third of the patients
presented because of intraperitoneal
bleeding, in another one third the tu
mour was found during an abdominal
operation and the remaining patients
presented because of epigastric pain
and an associated palpable abdominal
mass. The ages of the 93 patients
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ranged from 19 to 54 years. Thirty- Fisher, Curry and Jacques30 described
five of the patients had ruptured a 5-year-old girl who was not receiving
tumours and presented with pain and estrogens or contraceptive medication
in shock; 4 died of intraperitoneal but who had a mass in the left lobe
bleeding without undergoing opera of the liver, which was resected electtion.26 Three patients who did not ively. It is interesting that this tumour
have their tumours completely re had the same histology as the tumours
moved, remain alive and well after now being reported in patients taking
the operation.26 Chan and Detmer26 contraceptive pills. The size of the
noted that the tumour involved one hepatic tumour varies widely. Pain is
lobe of the liver extensively before it the presenting symptom in the rup
ruptured. Edmondson, Henderson and tured tumours, whether they rupture
Benton27 in reporting 42 cases of intraperitoneally or intrahepatically.
Investigation of an epigastric, right
liver cell adenoma postulated a cor
relation between menstruation and or left hypochondrial mass found on
rupture of the adenoma, and attributed physical examination should include
the severe bleeding that occurred upon liver scanning, ultrasonography, he
rupture to constriction of the large patic arteriography and estimation of
arteries supplying the adenoma and the a-fetoprotein. Liver function tests
simultaneous spasm of the spiral ar are seldom of value. A liver scan may
terioles of the endometrium. This ex show a focal defect but does not dif
planation is consistent with the ab ferentiate between benign and malig
sence of venous thrombosis in the nant lesions. If the lesion is malignant,
celiac arteriography may show related
adenomas.
Utley28 described three women with hepatic arteries and typical tumour
spontaneous rupture of the liver dur “blush”. Benign lesions usually have
ing pregnancy and reviewed the cause, clearly defined boundaries, with peri
ascribing rupture of the liver to toxe pheral arterial supply, and the arteries
mia of pregnancy, the levels of pro run parallel and towards the centre.
gesterone and estrogen being highest Goldstein and associates31 analysed six
at that time. The management of their cases of liver tumour, two of which
cases consisted of treating the hemor were benign adenomas and two focal
rhagic shock and controlling hepatic nodular hyperplasia. The lesions were
bleeding by terminating the preg all quite vascular and all but one had
a sharply defined margin. The angio
nancy.
Tumour-like formations in the liver graphic findings of benign tumours
have been associated with all brands usually differ sufficiently from those
of oral contraceptive pills. However, of most malignant tumours to allow
Edmondson, Henderson and Benton,27 a presumptive diagnosis. However, pa
after comparing 42 patients with he thological differentiation of various
patic tumours and 34 control subjects, benign liver cell masses is essential.
concluded that there was a substantial The a-fetoprotein value remains nor
difference between patients with tu mal.
If the single hepatic tumour is an
mour and the matched controls with
regard to the mean duration of incidental finding during an abdominal
oral contraceptive use (73.4 and 36.2 operation, excisional biopsy of the
months, respectively). The women lesion should be carried out if the
who had adenomas took mestranol- patient’s condition allows. Needle
containing pills much more commonly biopsy should be avoided in case the
than did those in the control group. tumour is very vascular. Frozen sec
Mestranol differs from ethinyl estra tions are unreliable due to the rarity
diol in that the hydroxyl group at of the lesion.
C3 is methylated. Mestranol-containing drugs are thought to carry an
Gross Examination
increased risk, because the liver deme
The hepatic tumours may be single
thylates this compound to ethinyl es
tradiol.27 Mestranol has been reported or multiple, may occur in either lobe
to produce liver tumours in rats.29 or at the junction of the lobes. They
One synthetic progesterone, norethy- are white, yellow or tan and there is
nodrel, produces an increase in liver hemorrhage in the tissue between the
liver and the tumour, which is partly
tumours in rats.29
The hepatic tumours may be single necrotic. The tumour size may vary
or multiple. Seventeen patients out between 2 and 18 cm in diameter.
of 93 had multiple tumours. The While some tumours may be entirely
lesions are more commonly found on within the liver, others may be pedun
the right side than on the left. The culated or on the surface of the liver
duration of the use of contraceptive itself.
The histologic appearance varies
pills had been 6 months or longer.
VOLUME 23, NO. 3, M A Y 1980
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and this tumour has had a variety
of names including focal nodular hy
perplasia, hepatic adenoma, hepatoma,
hamartoma and carcinoma. The tu
mour has been described as contain
ing slightly atypical hepatic cells ar
ranged in cords with no portal tracts
or central veins and few biliary
ducts.32 O’Sullivan and Wilding33
stressed the vascularity of the lesion
and the presence of large blood-filled
dilated spaces. Contostavlos34 reported
peliosis hepatis. Frederick, Howard
and Spatola35 described thrombosis of
the hepatic vein, which they consi
dered to be one of the main features
of the lesion. Naeim, Copper and
Semion36 described peliosis hepatis
which occurred in one patient receiv
ing fluoxymesterone and in one re
ceiving estrogen sulfate. Peliosis he
patis, a rare condition, is characterized
by multiple blood-filled spaces in the
liver, which may be seen through the
intact capsule as well as on the
cut surface. Horvath, Kovacs and
Ross37 described a tumour that con
tained well differentiated hepatoma
cells, but the final outcome in their
case was uncertain. Another reported
case in which the outcome was un
certain is that described by Meyer,
Livolsi and Cornog.38 Mays, Christopherson and Barrows39 described three
patients with carcinoma two of
whom died. Dixit, Dietrich and
Fenton24 described a case with
fatty changes, which were most
prominent in the lesion. In rats
fatty changes and necrosis have been
reported after the administration of
stilbestrol.40 Chan and Detmer26 de
scribed hepatic cell necrosis in areas
of hemorrhage, coagulation necrosis
and focal areas of typical malignant
tissue, and O’Sullivan and Wilding33
attributed their cases of liver tumour
to hamartoma whose growth has been
stimulated by steroid contraceptives.
Kay and Schatzki41 carried out an
electron-microscopic study of benign
adenomas. While the tumour appears
to consist of compact liver cells, a bile
duct is identified ultrastructurally with
the light microscope. In general the
hepatocytes conform to the normal
pattern but contain excessive amounts
of glycogen. The usual bile capillaries,
with tight junctions and desmosomes,
are seen. The mitochondria are abun
dant and seem enlarged and more
distorted and elongated than normal.
Of particular interest is the presence
of dense bodies within some mito
chondria, having the appearance of
crystalline material with a distinct
periodicity. Perez and associates42
studied two groups of women who
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were taking oral contraceptives; pa
tients in the first group received oral
contraceptives for 1 to 6 months and
those in the second group for 12 to
30 months. Electron microscopy was
carried out on their liver biopsy speci
mens. The fine structure of the liver
was normal in specimens from the
first group except for an increase in
the amount of smooth endoplasmic
reticulum. In the second group the
change in the liver cells was striking—
shape was altered, size was increased
and paracrystalline inclusions were
present in the mitochondria, yet there
was no correlation between mito
chondrial change and liver function.
Diethylstilbestrol, commonly used
as a contraceptive agent following in
tercourse, has been linked to the devel
opment of vaginal carcinoma in the
female children of women who used
the drug early in pregnancy. A report
of the committee on the safety of med
icines 1972,29 stated that liver abnor
malities were prominent among the
effects of certain estrogenic com
pounds, but this large scale study did
not show any increase in the fre
quency of biliary or hepatocellular hy
perplasia leading to tumour formation.
In mice there was no evidence of an
increase in liver tumours, either be
nign or malignant but it rats there was
an increase in the number of benign
tumours, particularly in males, related
principally to the higher estrogen dose
used. With norethisterone the fre
quency of benign tumours in the male
rat was increased (i.e., 12.5% with
norethisterone, 23.3% with mestranol
and 4% in controls). This increase was
mainly confined to rats receiving high
doses of these agents. The committee
on the safety of medicines concluded
there is little evidence that benign or
malignant hepatomas are produced by
the use of these estrogenic compounds.
Androgenic anabolic steroids are
associated with the production of he
patocellular carcinoma, while the es
trogenic steroids stimulate the growth
of hepatic adenomas. Farrell and as
sociates43 found hepatocellular carci
noma in three young men who had
been taking androgenic anabolic
steroids, and the tumours were histol
ogically similar. The tumours pro
gressed slowly in two patients during 4
and 7 years of observation, but in the
patient followed up for 7 years bony
metastases were found. In two patients
the tumours regressed after the
steroid drug was discontinued, streng
thening the evidence that exogenous
androgenic anabolic steroids may
produce liver tumours. Farrell’s43
cases were similar to that of Bern
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stein, Hunter and Yachnin,44 who de
scribed the case of a man with hepato
cellular carcinoma and Fanconi’s ane
mia after treatment with oxymetholone. Others45 have reported that liver
tumours developed in patients with
aplastic anemia treated with an
drogens. In one patient the tumour
regressed after the androgens were
withdrawn.
Management of Liver Tumours

In cases of intraperitoneal rupture
of the liver, lost blood should be re
placed first before laparotomy is per
formed. The resection according to
most authors is of a conservative type.
If the tumour is large Chan and Detmer26 and Nissen and associates46’47
advocate that it be removed. It is not
necessary to do a lobectomy. Normal
tissue excision, consistent with he
mostasis, is all that is necessary. If
the tumours are multiple, they should
be left unresected. Extensive resec
tions result in a higher mortality.
Follow-up showed no evidence of re
currence if the oral contraceptive was
discontinued.26 When the tumour is
found incidentally at laparotomy and
its benignity confirmed histologically,
the tumour may be left unresected
and the patient advised to discontinue
the estrogens or contraceptive pills.
Follow-up investigations should in
clude liver scanning and ultrasono
graphy to determine any change in
tumour size. Nissen and Kent46 sug
gested that use of the pill should be
discontinued after the diagnosis has
been confirmed. Further pregnancies
are not recommended. According to
Nissen and associates47 clinical sur
veillance is the primary means of
detecting this potentially lethal com
plication.
Effect of Oral Contraceptives
on Liver

In a small group of susceptible
women jaundice occurs in the first 3
months of oral contraceptive use,11,12
but late occurrence after 6 to 10
months of contraceptive use is also
known.48 The problem usually starts
with indigestion, epigastric pain and
pruritis. Jaundice and itching develop.
These remain, but epigastric pain and
indigestion subside spontaneously.
Liver enlargement12 is seldom noted
and so far splenic enlargement result
ing from the use of oral contracep
tives has not been recorded. When
oral contraceptives are discontinued
the jaundice usually disappears within
VOLUME 23, NO. 3, M A Y 1980
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a month, although the period may
vary from 10 days to 3 months.11 The
serum bilirubin seldom exceeds a level
of 10 mg/dl (179 /zmol/1) and is
mainly conjugated. The alkaline phos
phatase value may be normal or mod
erately raised, but serum transami
nase value is elevated; the serum
cholesterol level may be normal or
slightly elevated.12 The results of liver
function tests return to normal as
soon as the jaundice subsides, but
the serum transaminase concentration
remains higher for a longer period.
Needle biopsy of the liver shows that
the jaundice is cholestatic with canali
cular and hepatocellular bile stasis.
The hepatocellular changes around the
central vein are minimal. The inflam
matory change is negligible.11-12
The ability of the liver to handle
bromsulfalein is sometimes impaired.
About 40% of healthy women taking
oral contraceptives will show increased
retention of bromsulfalein.49 However,
this usually subsides within a few
months of discontinuing the contra
ceptive pill. If an infusion technique
for measuring bromsulfalein retention
is used, practically all women using
contraceptive pills show increased re
tention.50 If large doses of estrogens
and progesterones are used the oc
currence of jaundice increases. Post
menopausal women are much more
susceptible to these changes11 and it is
not clear whether the estrogen and
progesterone alone are responsible.
The liver appears to be sensitive
to sex hormones. The effect of an
drogen and estrogen may differ for
individual proteins (e.g., synthesis of
thyroxine-binding globulin) but the
effects of estrogen and progesterone
are potentiating. It is not clear whether
the alteration produced by the steroid
hormones of various plasma proteins
is a primary or secondary effect.
Cholestasis and hepatic dysfunction
are known to be caused by 17-a-alkyl-substituted compounds and methyltestosterone. Of patients on oral
contraceptives, 5% to 20% have in
creased concentrations of serum glu
tamic oxaloacetic and serum glutamic
pyruvic transaminases and 20% to
40% have increased bromsulfalein
retention, but these changes are tran
sient and are not associated with in
creased serum bilirubin concentra
tions.11,51,52 These changes are more
common in postmenopausal women.11
Most drugs are metabolized by the
liver and their continued administra
tion may cause adaptive cellular and
enzymatic changes. Hypertrophy or
hyperplasia of the liver may occur,
but enlargement is not hazardous and
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should not be considered an adverse fect59,60 the nature of which is un
reaction. Adaptive hypertrophy of the known. Holzbach and Sanders61 de
liver may also occur as a result of scribed a woman who became jaun
increased metabolic load during preg diced while taking oral contraceptives,
nancy and only the substances that although she had not had any liver
cause true adverse effects (e.g., dam damage or jaundice during pregnancy;
age of the protein synthesizing and however, her mother had suffered
detoxifying functions or of the mito from cholestatic jaundice during each
of her eight pregnancies. Her sister
chondrial energy-supplying functions)
can be properly labelled as hepato- had had the same problem. Larssontoxins. The requirement of under Cohn62 reported a similar case. In
lying functional impairment and most women all symptoms disappear
superimposed hypersensitivity may when the oral contraceptive is discon
account for the sporadic and unpre tinued. Shaffner,23 however, did not
dictable occurrence of hepatic injury believe that pre-existing liver disease
increased the susceptibility of the bile
due to oral contraceptives.
The liver is the major site for excretory apparatus to impairment by
metabolic conversion of various oral contraceptives and concluded
steroids by means of reduction, hydro that it is unnecessary to warn against
xy lation, oxidation and conjugation, the use of oral contraceptives in
and in turn the steroids have manifold women with liver disease, except in
biologic effects on the liver. There those who have had cholestasis of
are only minimal features of paren pregnancy.
In patients with primary biliary
chymal cell degeneration, but there is
some evidence of bile retention. Elec cirrhosis, all agents that can produce
tron microscopy shows dilation of the cholestasis seem to raise the serum
canaliculi and shortening or disap bilirubin value. There are three dis
pearance of microvilli, and also some tinct patterns of jaundice.23 First, in
intracellular damage, such as intracy- the patient who has recurrent choles
toplasmic dense bodies, myelin figures tasis of pregnancy, jaundice with
and dilation of smooth endoplasmic pruritis will develop in the first month
reticulum.11*53 Adlercreutz, Svanborg of oral contraceptive therapy, and
and Anberg54 found no ultrastructural appears to reflect an unusual sensiti
or mitochondrial damage to the liver vity of the bile secretory apparatus to
cells of patients given oral contracep both estrogens and progestogens.
tive pills. Increases in S-amino-levuli- Second, cholestasis that is associated
nic acid and coproporphyrin concen with no signs of hepatocellular dam
trations as well as alkaline phosphatase age or hypersensitivity, like that seen
in patients taking oral contraceptives with anabolic steroids, probably re
do not necessarily signify liver dam presents a direct effect of progesto
age. Estrogens may trigger a porphyric gens or estrogens on the bile secretory
attack in a latent porphyric because apparatus. Finally, in hepatocellular
estrogens increase the production of injury or hypersensitivity reaction, or
coproporphyrin.55,56 Increased concen both, characterized by eosinophilia
trations of alkaline phosphatase are and erythema nodosum, the hepato
due to the release of placental and not cellular damage can be demonstrated
hepatic alkaline phosphatase in the histologically and by elevated serum
later stages of pregnancy,57 therefore transaminase concentrations.
this does not represent liver damage.
It appears that after a time the liver
Oral Contraceptives and
adapts to the larger amount of cir
Protein Synthesis
culating estrogens. A similar situation
Oral contraceptives modify the rate
follows the administration of chlorpromazine to susceptible patients who of synthesis and secretion of some
may experience transient cholestatic plasma proteins, particularly those
jaundice. Brohult and Westgren68 that bind hormones and metal ions.63
believed that the majority of cases of There may be an increased serum
jaundice due to oral contraceptives concentration of thyroxine-binding
have been overlooked because of the globulin and therefore raised serum
thyroxine and triiodothyronine con
fleeting nature of the condition.
Some women become jaundiced if centrations, but the amount of free
the circulating estrogens are increased thyroid hormone remains unchanged.
either by pregnancy (icterus gravida The androgenic hormones and a num
rum) or by administration of oral ber of synthetic progestational agents
contraceptives. In some cases the reduce serum thyroxine-binding glo
jaundice will persist only as long as the bulin and thyroid hormone concen
drug is administered, and in some of trations, but they do not alter the
thyroxine
concentrations.64,65
these cases there may be a genetic de free
VOLUME 23, NO. 3, M A Y 1980
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These changes are associated with
reciprocal changes in the plasma con
centration of thyroxine-binding prealbumin.63 With oral contraceptives
the effects of estrogens are more pro
minent. It is presumed that changes
in synthesis and secretion of these
carrier proteins of the liver are in
volved since their degradation rates
are not changed. The plasma concen
trations of corticosteroid-binding glo
bulin,
testosterone-estradiol-binding
globulin, ceruloplasmin, iron-binding
capacity, copper-binding capacity and
lipid-binding capacity are increased,
but noncarrier proteins are not
similarly increased.66-69 Oral contracep
tives elevate plasma concentrations of
some clotting factors, namely factors
II, VII, IX and X, which are produced
in the liver.70,71
Other proteins which tend to in
crease in concentration in women
taking oral contraceptives are angiotensinogen, plasminogen and fibrino
gen, a-antitrypsin, /3-globulin, hemopexin and a-macroglobulin. In con
trast, plasma concentrations or orosmucoid and haptoglobins tend to de
crease.72,73
Animal experiments show protein
production changes after administra
tion. of a small dose of estrogens,
comparable to what happens in
women on oral contraceptives.74 Pro
gesterone alone is not anabolic but
may act synergistically with estro
gen.75 The anabolic action of oral
contraceptives does not involve serum
protein because the serum albumin
concentration does not increase ap
preciably after the ingestion of oral
contraceptives.
Pregnancy and the Liver

Allan and Tyler76 measured the
bromsulfalein excretion during the
normal menstrual cycle in women and
found a cyclical variation, with more
retention during the luteal phase,
especially when the woman was taking
oral contraceptives. Recurrent intrahepatic cholestasis of pregnancy re
sults from a similar excretory defect
and is stated by some authors77,78 to
be the most common cause of jaun
dice in pregnancy. However, infectious
hepatitis is reported to be a far more
frequent cause in other series.60,79 The
exact mechanism of the difficulty in
excreting conjugated bilirubin is not
yet adequately understood. Werner,
Hanger and Kritzler80 and Foss and
Simpson81 have demonstrated plugging
of the biliary canaliculi in patients
with cholestasis induced by the C-17a-alkylated steroids. This may be due
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to physical or chemical alteration in
the bile brought about by an altered
excretory mechanism or by altered
permeability of parenchymal cell
membrane or bile canalicular wall.
Roman and Hecker55 did not believe
that the jaundice produced by estro
gens was caused by the same ab
normality as that produced by methyltestosterone. The oral contraceptives
have no effect on the conjugating
enzymes of bilirubin, and any excess
bilirubin released in the serum is con
jugated. Bilirubin retention is ap
parently due to altered cell perme
ability, which decreases the rate of
excretion of conjugated bilirubin from
the parenchymal cell into the bile
canaliculus. It is not clear whether
oral contraceptives induce paren
chymal cell damage.
Comparison of the Effects on
the Liver of Pregnancy and
Oral Contraceptives

Pregnancy and the administration
of oral contraceptives produce similar
changes in the liver. In the last 3
months of pregnancy the woman’s
body produces a considerable quantity
of hormones (e.g., 60 to 70 mg of
estriol in 24 hours—at least 1000
times the usual amount— and 20 to
40 times the normal amount of pro
gesterone).82 It is mainly during this
period of pregnancy that cholestasis
with bromsulfalein retention, and
raised alkaline phosphatase, 5'-nucleo
tidase and leucine-aminopeptidase
concentrations are present, but serum
bilirubin and phosphatase levels re
main normal.83 After 6 months of
pregnancy there is a slight increase in
serum cholesterol, increased serum
fibrinogen, copper and ceruloplasmin
values and a decrease in serum
cholinesterase.84 Natural estrogens in
high doses have no effect on serum
bilirubin or serum transaminase
values. The serum alkaline phos
phatase level increases in 50% of
cases.85
Histologically, stilbestrol has been
found responsible in the rat for a few
cases of fatty liver, or even hepatic
necrosis.86 In women neither estradiol
nor synthetic estrogens used in oral
contraceptives cause any histologic
changes apart from an increase in the
size of the liver cell nucleus.84’86 Ac
cording to Song and associates84 the
biologic effects on the liver of estro
gens and progestins due to oral con
traceptives are similar to or greater
than those produced by the hormones
naturally present in late pregnancy.
Some of the effects may be due to
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metabolites or to nonsteroidal hor
mones, or possibly to other substances
secreted in response to estrogens or
progestins. Patients with intrahepatic
cholestasis of pregnancy may be parti
cularly susceptible to the action of
estrogen and progestogen hormones
in high dosage. The diversity of these
biologic effects indicates the potential
importance of the liver as a site of
action of progestogens and estrogens,
in the concentrations encountered in
pregnancy and of the existence of an
as yet unidentified but clinically im
portant hepatic action of these hor
mones.84
Mechanism of Action

The findings suggest that estrogens
inhibit glucuronyl transferase activi
ty.87 Estrogens may interfere with
the excretion of cholephilic or
ganic anions from the liver cells
into the bile,85 but it is not
known whether cholestasis is caused
by estrogens themselves or by their
metabolites. Estrogens suppress the
conversion of cholate into taurocholate and may contribute to cholestasis
by reducing the ability of the liver to
excrete cholates.88 In the rat, adminis
tration of ethinylestradiol or estrone
reduces bile output by about 50%.86,89
Cholelithiasis affects women more
than men and there is a relation
between the number of pregnancies
and cholelithiasis.90 Recently Bennion
and colleagues8 showed that oral con
traceptives increased the cholesterol
saturation of the bile.
Progesterone and its derivatives do
not modify bromsulfalein excretion.
On the other hand 19-nortestosterone
derivatives which are 17-a-alkyl sub
stituted may cause a dose-dependent
bromsulfalein retention,40,91 reduction
in bile flow and reduction in N a+K +
ATPase.92,93 Some of the progestogens
inhibit glucuronyl transferase activity
for bilirubin and other substrates. The
milk of certain mothers seems able
to inhibit bilirubin conjugation and
this would explain some neonatal
jaundices with high unconjugated bilirubinemia.94
Conclusions

Estrogen and progesterone do not
seem to be highly cytolytic to liver
cells. Estrogen is more cholestatic than
progesterone. When given alone
neither is capable of producing high
transaminasemia. The cholestatic ef
fect of the estrogens is enhanced when
progestogens are given simultaneous
ly. In women with no previous history
VOLUME 23, NO. 3, M A Y 1980 /

of liver disease the effect is clinically
insignificant and transient. The devel
opment of jaundice is not a contra
indication to the use of oral contra
ceptives nor are an increase in serum
glutamic pyruvic transaminase con
centration and retention of bromsul
falein. Contraindications include chol
estasis of pregnancy, constitutional
hyperbilirubinemia, primary biliary
cirrhosis within 6 months after in
fectious hepatitis and pre-existing
chronic liver disease. Contraception
should be achieved with the lowest
dose of estrogen possible. During the
first 2 months that a woman is taking
oral contraceptives her blood should
be tested for bilirubin weekly. Sub
sequently the woman should be cau
tioned to return for examination if
she notices darkening of the urine.
The possibility of liver tumours in
patients on contraceptive pills should
be kept in mind. Spontaneous rupture
of liver may occur in any woman of
child-bearing age with evidence of
spontaneous hemoperitoneum who
has been taking contraceptive pills. If
the hemoperitoneum is due to a
benign tumour, it should be excised
together with the smallest amount of
normal liver tissue necessary to
achieve hemostasis. A conservative
approach towards these hepatic
tumours should be taken. Multiple
tumours should be left unresected, the
contraceptive pill discontinued and
further pregnancies discouraged.
I thank Drs. G.M.J. Fenton and M.
Dietrich, and Mrs. J.M. Hood for their
help.
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Internal fixation of fractures alters
the physical environment of living
bone. The authors have studied
the reaction of living bone to force
and motion, mainly in sheep.
Cortical bone does not undergo
pressure necrosis when compression
is applied in internal fixation.
Compressing the fragments increases
the stability of the reduction and
leads to uneventful healing without
resorption. Small areas of plastic
bone deformation owing to mech
anical overload are not removed
by surface resorption but by internal
remodelling. Interfragmentary motion
produces callus and resorption of
the contact surfaces. The static
compression applied to cortical bone
does not induce a change in the
rate of internal remodelling. The
static forces must exceed the
dynamic load to maintain close coapta
tion at the contact surface.
La fixation interne des fractures
change I’environnement d’os vivant.
Les auteurs ont etudies ces reactions
osseuses envers les contraintes
et les mouvements, surtout dans le
mouton.
Aucune necrose d'os cortical
ne resulte d'une application de
force compressive realisee au
moment d'une fixation interne. L'approchement des fragments sous
compression augmente la stability
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de la reduction et conduit vers une
guerison sans resorption des bouts
des fragments. Quelques pointes
osseuses qui sont deformees de
fagon permanente, par surcharge
ne sont pas resorbees mais remodelees. Par contre, n’importe quel
mouvement interfragmentaire amene
la formation d'un cai externe ainsi
qu’une resorption des surfaces en
contact. La compression statique
exercee sur I’os compact n’induit
aucun changement du taux de
remodelage. Afin de maintenir une
bonne coaptation des surfaces fragmentaires, il faut que les forces
statiques excedent la charge dynamique.

Most tissues of the human body when
subjected to prolonged compressive
forces undergo pressure necrosis.
Such necrosis may also develop in the
presence of low forces if they are
continuously present. Since soft tissues
undergo pressure necrosis at compara
tively low compressive forces, and
since local areas of high pressure are
present in most metal-to-bone con
tacts, a number of questions arise:
Would bone undergo pressure necrosis
owing to compression used in com
pression fixation? Is the internal re
modelling of bone influenced by com
pression? What is the explanation for
the biologically-induced loosening of
implants occasionally seen in clinical
practice?
Cortical bone is 500 000 times
stiffer than granulation tissue and
about 100 times stiffer than cartilage.
Thus, bone is the best designed of the
body tissues to provide the load-bear
ing internal framework required for
humans to stand and walk.
Following the early work of Jores1
and the statement of Matzen2 that bone
undergoes pressure necrosis, Friedenberg and French3 have approached
the problem of compression in inter
nal fixation by applying various
VOLUME 23, NO. 3, M A Y 1980
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amounts of compression in a springloaded system. Wickstrom, Hamilton
and Rodriguez4 measured the results
of compression in compression plate
fixation with an instrumented trans
ducer between the contact surfaces of
an osteotomy.
By means of instrumented internal
fixation plates we have measured the
changes of compression applied to
cortical bone during the first 2 to 4
months of bone healing. The experi
mental model was a rigidly-fixed,
transverse osteotomy in the sheep ti
bia. Two instrumented plates, placed
at right angles, were used to fix the
osteotomy solidly and to allow early
weight bearing (Fig. 1).
Gallinaro and associates5 and Rahn
and associates6’7 have used instru
mented plates in rabbit tibias. Bliimlein and associates8,9 have used instru
mented washers placed under the

Fig. la

FIG. 1—Measurement of static com
pression in vivo, (a) Modification of
compression plate to incorporate trans
ducer. (b) Results of first series of
measurements. There is slow decrease of
compression over 12 weeks of observa
tion. kp = kilopond.
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heads of bone screws (Fig. 2); Von
Arx10 has shown that in vitro values
of torque are somewhat higher.
Brennwald and associates11 measured
values over 5 Nm in humans.
Hutzschenreuter12 has measured the
changes in compression applied to cor
tical bone grafts in sheep. Veihelmann13 fixed bone grafts in dogs with
instrumented plates. He showed that
the compression applied to fractured
cortical bone, when fixed with good
stability and in the absence of infec
tion, declines slowly and gradually.
Similarly, Rittmann and Perren14
have used instrumented plates for fixa
tion of transverse osteotomies in
sheep, but these osteotomies were in
fected with standardized cultures of
Staphylococcus aureus injected at the
osteotomy site 1 week postoperatively
(Fig. 3).
Recently, Pfliiger and associates15
approached this problem using exter
nal fixation clamps, They and Friedenberg and French,3 believe that high
compression can produce pressure ne
crosis or at least inhibit fracture heal
ing. In both their experimental models
the stability achieved depended on the
amount of compression. This interrela
tion makes it difficult to assess the
separate role of each of these factors.
The absence of callus in primary heal
ing under the influence of compres
sion and stability was interpreted as
delayed healing.

The slow change noted in the com
pression applied to living bone has
been explained as viscoelastic stress
relaxation in the first 2 weeks, while
further reduction of compression has
been attributed primarily to internal
remodelling of the Haversian systems
whereby prestressed bone is replaced
by bone that is not prestressed.16 As
bone resorption and formation take
place almost simultaneously, the over
all load-bearing capacity of bone is
maintained during remodelling.
The metals used in internal fixa
tion are, as materials, 10 times stiffer
than cortical bone. The “bone and
plate” system can therefore be visual
ized as a stiff spring. Even high forces
produce little deformation. This, in
turn, results in marked sensitivity of
the system to resorption of the con
tact surfaces. A load of 1 kN in the
system produces a deformation meas
uring approximately 20 fjt. The re
sorption of a layer of the compressed
fracture surfaces only one cell thick
will therefore result in complete aboli
tion of compression.
Compression measurements strongly
indicate that there is no resorption of
the contact surfaces in a compressed
P <kp).,

Fig. 3a

Fig. 2b
FIG. 2—Compression in vivo of bone
screws, (a) Instrument containing washer
used by Bliimlein to measure changes
of screw compression in vivo, (b) Slow
reduction of compression in vivo exerted
by bone screw. Each measurement is
plotted. Screws were tightened to 1, 2
or 3 Nm. F = force, w = weeks.
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FIG. 3— Compression and infection.
(a) In vivo compression in infected os
teotomies. In about half of cases, more
rapid decrease of compression is seen.
(b) Comparison of noninfected series
with DCP (dynamic compression plate).
Here uniformly slow decrease is ob
served up to 8 weeks. Difference in
initial slope between (a) and (b) is caused
partly by differences in timing of first
measurement preoperatively. In presence
of continuous infection with Staphylo
coccus aureus, compression decreased
somewhat faster in about 50% of cases.
P = pressure.

osteotomy. Histologic data support
this claim. The only relevant resorp
tion taking place in the osteotomy is
related to internal remodelling of the
Haversian systems. In the early stages
of fracture healing one could argue
that a lack of blood supply prevents
resorption of the contact surfaces, but
that at the endosteal and periosteal
margins of the osteotomy early re
sorption could be expected. Further
more, when the Haversian canals cross
the osteotomy, the necessary blood
supply for resorption of the interfragmentary contact surface would be
provided. Yet, such resorption is ab
sent. Measurements with instrumented
washers indicate that high load per
unit surface area is tolerated. If we
assume that a load of 3 kN is sup
ported by six threads each 8 mm2,
We can safely assume that the loadbearing capacity of cortical bone in
vivo is >60 N /m m 2.
Reaction of Living Cortical Bone
to Overload
In ideal internal fixation, two frac
ture surfaces are carefully realigned
and fixed in perfect approximation.
Still, microscopically, alternating zones
of contact and gap are present. The
contact zones bear a high compressive
force over a small surface producing
stress concentrations. The compres
sive strength of the bone in these
contact loci is exceeded and irrever
sible deformation with microfractures
takes place. Rahn and associates7 have
shown that such overloaded zones do
not necessarily undergo bone surface
resorption. They can be internally re
modelled by simultaneous resorption
and formation of bone as is seen in
Haversian remodelling. This finding
seems to indicate that fixed bone
which has stability, even though there
may be localized overload and ensuing
irreversible damage, does not induce
total removal of the necrotic bone.
However, the prerequisite for incor
poration of an overload area seems to
be maintenance of the stability of
fixation, which can be realized in
spite of local overload, if the break
down of contact remains small and
larger areas of intact bone take over
the load.
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Reaction of the Paraosseous Tissue
to Motion
The relationship between the mo
bility of fracture fragments and
amount and type of callus produced
is known to the clinician. Hutzschen
reuter and associates17 have demon
strated that transverse osteotomies of
229

long bones fixed without interfragmentary compression show callus that
is larger in amount and more “clou
dy” when deformable plates are used
than when more rigid plates are
inserted. Interfragmentary motion
among other things seems to be linked
to callus formation.
Instability and Resorption of the
Contact Surfaces

Fig. 4c

Functional (dynamic) forces tend to
produce displacement of fracture frag
ments in relation to each other as well
as of the contact surfaces between
implant and bone. The preload and
friction generated by static compres
sion impede relative displacement of
contact surfaces.18 It was of interest
to study the biologic reaction of the
screw-bone contact surface under
various conditions of dynamic and
static loading (Fig. 4).
Experiments by Perren, Ganz and
Ruter19 made use of the small defor
mations that bone undergoes during
weight bearing. A plate bridging a
segment of functionally-loaded bone
when fixed solidly to the bone at one
end of the plate, will produce relative
displacement between the other end
and the bone (Fig. 4). With instru
mented compression plates under sim
ilar weight-bearing conditions, two
different amounts of preload were in
stalled: (a) a low preload resulting in
dynamic forces intermittently exceed
ing the static preload and (b) a high

preload with continuously higher static
force than the superimposed dynamic
load. A low preload resulted in inter
mittent displacement of the contact
surfaces, while a high preload main
tained close coaptation of the contact
surfaces.
Radiologically and histologically,
intermittent displacement of the con
tact surfaces was observed to result
in their resorption. Initial microin
stability induced secondary gross in
stability. Maintained coaptation re
sulted in no bone resorption and in
maintenance of the bone to metal
contact. The observation of bone re
sorption in secondary bone healing
and its absence in primary healing
can be explained on a similar basis.
The importance of resorption of
contact surfaces in internal fixation
by rigid implants is based on the low
deformation that rigid systems under
go when loaded. This, in turn, renders
them sensitive to slight amounts of
bone resorption. Systems with rigid
plates and screws which are held in
a fixed relationship to the underlying
bone surface do not tolerate bone con
tact surface resorption. The danger of
a vicious circle of small initial in
stability inducing resorption which, in
turn, would lead to increased motion
is evident. As the onset of bone re
sorption and callus formation are
closely linked, the appearance of
callus under clinical conditions of
rigid internal fixation by plates is
mistakenly interpreted as a signal of
impending failure, inferring that callus
is an undesirable tissue.
Internal Bone Remodelling and
Motion at the Contact Surface

Fig. 4d
FIG. 4— Production of relative dis
placement in vivo. Segment of bone is
spanned by plate fixed at one end of
bone only. Opposite end is left free,
(a) Before weight bearing is started, (b)
Weight bearing produces slight shorten
ing of bone resulting in relative dis
placement at free end of plate. Implant
fixed to free end of plate will be moved
in relation to underlying bone, (c) Re
sult of motion at contact interface.
Schematic diagram showing relative dis
placement of plate screw fixed into
free end of plate. At right, presumed
motion with fulcrum and, at left, bone
reaction is seen. One screw thread which
corresponds to fulcrum (least motion)
does not show resorption, (d) Clinical
case of motion-induced resorption. Ro
entgenogram of two trans-syndesmosis
screws and lag screw. Trans-syndesmosis
screws connect two bones which move
in relation to each other. Here, metal
to bone contact area has been resorbed.
Lag screw firmly presses fracture frag
ments together allowing no relative
motion. N o resorption of contact area is
seen.
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Widely differing amounts of inter
nal bone remodelling in the two
screw threads of plates are seen (Fig.
5). Three explanations are possible:
• Differences in load transmis
sion.
• Differences in relative displace
ment.
• A common reaction of bone to
both load transmission and displace
ment.
We do not know which of these ex
planations is correct and the matter
is worthy of further discussion.
Fig. 5b

Static Compression and Internal
Remodelling

FIG. 5—Photomicrograph of tissue in
screw thread, (a) Stable condition: high
internal remodelling with bone to metal
contact, (b) Unstable condition: low in
ternal remodelling with fibrous and car
tilaginous tissue to metal contact.

The measurement of compression
in living bone indicates that the slow
reduction of compression is related
to internal remodelling of the Haver
sian systems (Fig. 6). It was therefore
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interesting to determine whether static
compression influences internal re
modelling. If it did, the relation be
tween static compression and Haver
sian remodelling could be considered as
a negative feedback loop where a dis
turbance (static force) would induce a

Fig. 6a

biologic reaction (Haversian remodel
ling) which reduces the disturbance
(reduction of compression). Matter,
Brennwald and Perren20 have demon
strated the effect of static compres
sion and tension on internal remodel
ling of cortical bone. In sheep, they
plated intact tibias with instrumented
plates with differing amounts of
static compression. They determined
the number of osteons labelled with
different fluorochromes (given before
plating and 2, 4, 7 and 9 weeks
thereafter) and related osteon activity
to the static force measured. While
the remodelling started at 4 weeks,
peaked at 7 weeks and then decreased
up to 9 weeks, no significant differ
ence could be shown between the
tibial segments compressed with 800
N and those that were not com
pressed.
The porotic bone observed deep in
the plate could be interpreted as the
removal of what became superfluous
bone, no longer subjected to dynamic
loads— a reflection of Wolff’s law.
Against this interpretation is the ob
servation that the porosis is only tem
porary. In later stages, with the im
plant still in place, the porosis is no
longer present. Furthermore, there is
no obvious correlation between the
pattern of load reduction and the pat
tern of porosis observed. The porosis
can be interpreted as a temporary

phenomenon associated with internal
remodelling of bone.
Most interesting about the internal
remodelling of bone beneath the plate
is its temporary appearance.21'22 We
found that the porotic area present at
10 weeks in a plated but otherwise in
tact segment of the tibia in sheep
was completely filled 1 year after
plating (Fig. 7). Whether this obser
vation should be attributed to tempo
rary stress protection or reaction to
changes in the loading pattern will
have to be clarified.
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Principles of Stable Internal Fixationcs)

3

Joseph Schatzker, m d , b sc ( m e d ) , frcs [c]*

The results of internal fixation can be
adversely affected by implant failure
before union takes place. The survival
of an internal fixation device depends
upon load transfer from fragment
to fragment. Techniques that do not
provide such a load sharing between
implant and bone will lead to failure
of the implant. For example, absence
of contact between cortices opposite
the plate will increase the forces
acting on the device which will
either pull out, shear or break.
This review focuses on the methods
of applying implant to bone to
achieve stable fixation and thus
restore early function without
sacrificing reduction and union.
Les resultats d'une fixation peuvent
etre compromis par un defaut d'implant
avant que I’union est complete. Les
contraintes exercees sur une fixation
interne sont moindres en presence
d’un contact intime entre les
fragments. Un tel contact permet le
partage des contraintes entre os
et implant. En son absence, un echec
de la fixation peut survenir. Par
example, I’absence de contact entre
les corticales opposees a la plaque
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peut augmenter les forces agissant
sur la plaque a un point ou ('implant
peut casser, s'arracher ou plier.
La presentation se iimite a une
description d’application correcte des
implant afin d’obtenir le maximum
de stability et de permettre la
restauration precoce de la fonction
sans cependant sacrifier ni reduction
ni chances d'union.

The mechanical function of bone is to
transmit load. When bone is fractured,
the structural continuity is lost and
the bone loses its load-bearing capac
ity. The goal of successful fracture
treatment is to restore function early
either to the bone by internal fixation
or to the soft tissue-bone complex by
cast bracing. This functional restora
tion must not be at the expense of
union or reduction. The fixation must,
therefore, be sufficiently strong and
not become subject to failure (e.g.,
breakage or pull-out) from mech
anical overload. It must also be
sufficiently stable to provide an
appropriate milieu for bone union
and it must be lasting so that the
structural and functional integrity are
maintained until union takes place.
Accurate anatomical reduction not
only restores length and alignment of
bone necessary for normal function
but also provides the bone with its
inherent structural stability.
Compression

Interfragmental compression, be
cause of the resultant impaction of
the fragments, the marked increase in
frictional resistance to relative motion
and because of preload, is the most
important method of restoring func
tional continuity to bone. Such com
VOLUME 23, NO. 3, M A Y 1980
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pression also decreases the forces
borne by an internal fixation device
because the load transfer can occur
directly from fragment to fragment
and in this way largely bypass the
implant.1 After each internal fixation
a race starts between bone union and
implant failure. Any method of in
ternal fixation, therefore, which per
mits load sharing is important because
it increases the chance for the sur
vival of the internal fixation device
until union occurs. Indeed, the com
monest cause of failure of internal
fixation is the lack of a medial bone
buttress for the device. This greatly
increases the forces acting on the
internal fixation device which either
pulls out, shears or breaks.
Lag Screw Fixation

A fundamental and simple form of
interfragmental compression is the lag
screw. It is the building block of
stable internal fixation. It is used in
every instance in which two frag
ments of bone are compressed, even
if the overall fixation will require
other means, such as a neutralization
plate, a buttress plate or an intra
medullary nail.
The classic example of a lag screw
is the cancellous screw. To exert its
effect as a lag screw its thread must
not cross the fracture line. It is ideal
for epiphyseal and metaphyseal areas
of bone where the cortex is thin. Re
moval of the screw will not be ob
structed once healing occurs. In
cortical areas of bone the cortical
screw is used as a lag screw by over
drilling the proximal cortex. If this is
not done, the screw will maintain the
width of the gap, thus keeping the
fragments apart and not achieving
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the desired stability (Fig. 1). The lag
screw must be inserted through the

centre of the fragment. If it is in
serted obliquely, instead of pure
compression, shear is introduced at
the fracture interface; this not only
decreases stability but may lead to
loss of reduction. To exert the most
effective interfragmental compression,
the lag screw should be inserted at
right angles to the plane of fracture.
When used to fix spiral or oblique
fractures, some of the compression is
sacrificed to obtain axial stability and
the screws are inserted at right angles
to the long axis of the bone (Fig. 2).
Neutralization Plates

A single lag screw is never enough
to achieve a stable fixation of di
aphyseal bone. A minimum of two
and preferably three screws are re
quired. This means that only long
oblique or spiral fractures can be
stabilized with lag screws alone and
then only if these fractures are of
short tubular bones. Lag screws used
alone for the fixation of such bones
as the humerus or femur almost
always end in early failure because
of mechanical overload. The com
monest use of lag screws in the fixa
tion of shaft fractures is in their

a

FIG. I—Cortical screw used as lag
screw.

FIG. 2—Direction of lag screw that
will yield maximal axial stability.
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FIG. 3— Whenever possible, stable
fixation of comminuted fracture is
achieved by means of lag screws. Neu
tralization plate bridges zone of com
minution and protects lag screw fixa
tion from forces of bending, shearing
and torque.
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combination with neutralization plates
as in the fixation of comminuted
fractures.
In the case of comminuted fractures
fixation is secured first by means of
lag screws. A plate is then applied so
as to bridge the zone of comminution
and conduct all forces from the
proximal to distal fragment bypassing
the fracture. This protects the lag
screw fixation from the forces of
bending, shearing and torque (Fig. 3).
Short oblique or transverse fractures
cannot be fixed with lag screws alone
for, at best, only one lag screw can
be introduced across the fracture. To
achieve stable fixation the fragments
must be placed under axial inter
fragmental compression.
Tension Band Fixation
(Compression Plating)

Compression can be static or
dynamic.® If a plate is fixed to one
fragment of a transverse fracture and
the plate is then brought under ten
sion,3 either with the tension device
or by the insertion of a load screw
if a self-compressing plate is used,
the bone will then be brought under
axial compression. Both cortices of
the bone are initially equally com
pressed, but as the bone bends
slightly towards the plate with in
creased tension, the strain in the
opposite cortex decreases correspond
ingly.1 This is the reason why straight
plates should be contoured to slight
convexity at the fracture when used
on straight bone.2 This equalizes the
degree of compression between the
two cortices.
Certain bones, such as the radius,
ulna, humerus and femur are eccen
trically loaded. The strain on the
cortices of these bones is not in
equilibrium. The medial cortex is
loaded in compression and the lateral
cortex in tension.1 During the stance
phase of the gait cycle, the maximum
deformation, (i.e., the maximum com
pressive strain) is greater on the
medial cortex than the maximum
tensile strain on the lateral cortex.1
To exert axial compression in an
eccentrically loaded bone the pre
stressed plate must be applied to the
cortex loaded in tension (Fig. 4). In
this position it acts as a tension band2
and under dynamic load converts the
tensile forces into axial compressive
forces to such a degree that at peak
load the compressive strain in the
cortex, deep to the plate, can exceed
the compressive strain in the medial
cortex normally loaded in compres
sion.1
233

To assure that this type of fixation
remains stable throughout the period
of bone healing, the tension band
plate must not become subjected to
cyclic loading because it will sustain
fatigue and break. Under axial thrust,
despite tension band fixation, the
medial cortex continues to be loaded
in compression.4 Thus, if a gap occurs
in the medial cortex, a bending
moment will result with the fulcrum
of movement within the plate, and
with each load cycle the plate will
bend. If a gap remains in the medial
cortex after application of the plate,
it should be filled with an autologous
cancellous bone graft. Initially, the
bone graft will not exert any in
fluence, but as soon as it becomes
part of a bony bridge linking the
proximal with the distal fragments,
it will take part in load bearing and
bring cyclic loading to an end. The
plate will therefore be protected from
failure.

FIG. 4— To act as tension band, plate must not only be applied
to tension side of bone, but, to exert axial compression, it must also be pre
stressed (with tension device or through use of self-compressing plates like DCP).

Tension Band Wiring
Avulsion fractures, such as a trans
verse fracture of the olecranon,
patella and of the greater trochanter
can be fixed by means of tension band
wiring (Fig. 5). A tension band wire,
like a tension band plate, must be
prestressed and inserted on the ten
sion side of the bone. Under func
tional load (muscular contraction) it
will convert the tensile distracting
forces into dynamic forces of axial
interfragmental compression. It is a
secure and stable form of internal
fixation which permits the patient
early use of the extremity without
fear of displacement.
Externa1 Skeletal Fixation
Another form of stable fixation is
external skeletal fixation, consisting
of a frame with double external
clamps that exert double compression.
This type of fixation is stable only
over short distances and only when
broad flat surfaces are being com
pressed such as the flat cancellous
surfaces of an arthrodesis or a meta
physeal osteotomy.2 Such fixation
does not result in absolute stability
when applied to cortex.
The biologic expression of stable
internal fixation is primary bone
healing in the form of contact healing
and gap healing.5 The mechanical ex
pression of stable internal fixation is
the response of the fractured bone to
load as a unit. This denotes func
tional continuity, the strain pattern
being identical to that of intact bone
under similar load.
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FIG. 5— The use of tension band wiring. Like tension band plate, wire must
be prestressed and inserted on tension side of bone.
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Splintage
Intramedullary nailing, the intro
duction of Kirschner wires into meta
physeal areas of bone in children and
of angled devices into the proximal
femur to stabilize subcapital and
intertrochanteric fractures, is a form
of bone fixation referred to as splint
age. Such fixation is sufficiently stable
to permit early function, but is never
absolutely stable and thus never
results in primary bone healing. Its
healing is characterized by the forma
tion of greater or lesser amounts of
callus, depending on the degree of
relative motion between the frag
ments. Primary bone healing, that is,
bone healing without the radiologically recognizable formation of
callus, is the biologic expression of
absolutely stable internal fixation. It
is not necessarily a better form of
healing but a different form of bone

healing. In the initial phases of heal
ing it is weaker than the healing with
callus because, in the latter, bone is
distributed further away from the
load-bearing axis; this results in
greater strength. When stable internal
fixation is attempted and callus ap
pears, it is a sign of instability and
impending failure. Such callus is
irregular and discontinuous, and is
referred to as irritation callus.
When it appears, stability must be
provided, such as by means of a
plaster cast or reoperation, or failure
will almost certainly result. The added
stability of plaster is often enough to
convert the irritation callus into fixa
tion callus which will lead to union.
The illustrations in this paper are re
produced by permission from Muller
ME, Allgower M, Willenegger H: In

ternal Fixation: Techniques Recom
mended by the AO-Group, Springer-

Verlag, Heidelberg, 1970
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The paradox of internal fixation for
treating fractures is that fixation is
required to achieve union, while
flexibility is necessary to restore
normal mechanical properties of bone
after union.
Three series of experiments were
performed to investigate the role of
plate rigidity on fracture repair and
changes in bone mass. Using plates
with tenfold differences in axial and
bending rigidities, the authors were
able to show some advantages in
fracture healing and bone remodelling
with less rigid plates.

The authors will have more to
report in this field in the future.
Further work must be done to define
the quantitative requirements for
plate stiffness during the fracture
healing phase and for plate flexibility
during the late remodelling phase
of fracture repair.
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Dans le traitement des fractures, le
paradoxe d'une fixation interne reside
dans le fait que I’osteosynthese est
requise pour reussir I'union des os,
alors qu'une flexibilite est necessaire
pour retablir les proprietes mecaniques
normales de I'os apres son union.
Trois series d'experiences ont ete
realisees pour etudier le rdle de la
rigidite des plaques sur la reparation
des fractures et les changements
de la masse osseuse. A I’aide de
plaques possedant des rigidites axiales
et de flexion differentes par un
facteur de dix, les auteurs sont
parvenus a mettre en evidence certains
avantages des plaques moins rigides
pour la guerison des fractures et le
remanlement osseux.
Les auteurs auront davantage a
rapporter sur le sujet a I'avenir.
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D'autres travaux doivent etre executes
afin de definir les exigences
quantitatives de la rigidite des plaques
durant la phase de guerison des
fractures et de leur flexibilite durant
la phase tardive de remaniement de
la reparation des fractures.

Less rigid internal fixation for treat
ing fractures has not yet been devel
oped sufficiently that a system of
principles or an array of hardware are
available for clinical application. The
concept is still in the investigational
stage, but we believe that its time has
come, and this paper will explain our
research.
The history of internal fixation
began with attempts at fixation with
devices of inadequate rigidity. The
Lane plate and its subsequent modifi
cation by Sherman,1 were not rigid by
today’s standards and did not achieve
adequate stability. The Eggers plate,2
which followed many years later, was
stronger, but its use resulted in poor
stability. Compression techniques to
achieve better stability were developed
by Danis3 and Bagby and Janes.4 The
AO5 group (Association Osteosynthese)
further developed these techniques
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10“ kg-cm2 (E X I, where E is the
modulus of elasticity and I is the area
moment of inertia). The left radius
was fixed with a specially designed
plate made of graphite fibre laminated
in polymethylmethacrylate (GFMM)
and with a bending stiffness of 6 X
103 kg-cm2 (about 10% of that of
the stainless steel plate). Over a 16week period roentgenograms were ob
tained in each dog weekly. The
animals were given oxytetracycline
(750 mg/d) orally for 4 weeks
followed by demeclocycline (450
mg/d) orally for 12 weeks. The ani
mals were then killed and their radii
were tested biomechanically in torsion
to failure. Morphometries analysis
was subsequently made of the bone
specimens using the technique of
Harris and Weinberg.22
Results.— Plating of the dog radius
with a more flexible (GFMM) plate
in this experiment did not result in any
measurable difference in radiologic
appearance or structural strength.
Morphometric analysis (Fig. 1) re
vealed greater mass of new bone and
less porosity in the bone with a
less rigid plate. We concluded from
these data that a rigid plate impedes
the production of new bone during
the initial fracture healing period.

Experiment 2
In six adult mongrel dogs we tested
the effect of plates of different stiff
ness on intact bone without the com
plicating responses of fracture heal
ing.23,24 The femur was selected to
avoid the possible protecting effect of
another bone, such as the protection
of the radius by the ulna. In this
instance, a Vitallium plate was applied
to the right femur and a GFMM plate
to the left femur with a tenfold re
duction in bending and axial stiffness
compared with the Vitallium plate
(Fig. 2).
Three dogs were studied for 9
months, the remaining three for 12
months. Roentgenograms of the
femora were obtained at monthly
intervals. Sixteen weeks before the
dogs were killed, they were given
oxytetracycline (750 mg/d) orally
for 8 weeks and demeclocycline
(450 mg/d) orally for the final
8 weeks. After the animals were
killed, their femora were prepared
for biomechanical testing to obtain
data on the bone material and its
structural characteristics;
3.0-mm
wide strips of bone were cut from
the mid-diaphysis of each femur
representing the anteromedial, antero
lateral, posteromedial and postero
lateral segments of the circumference
of the bone (Fig. 3). The strips were
subjected to four-point bending to
failure, following which the maximum
bending load (Pm a x ) * maximum bend
ing energy (Ama*), ultimate strength
(crf) and flexural modulus of elasticity
(E) were calculated. All the speci
mens were then embedded and evalu
ated histomorphometrically.
Results.—Once again, visual assess
ment of the bone showed no apparent
differences between the right and left
sides, nor did the roentgenograms
show any differences. The tests of
bone as a material (cr< and E) also
showed no differences between right
and left sides. However, there were

FIG. 1— Comparison of quantitative histologic analyses from graphite fibre
methylmethacrylate (GFMM) and stainless steel plated canine radial osteotomies.
Paired Student’s r-tests of right and left sides were done on all homotypic sites.
Statistically significant results at 95% confidence level or greater are represented
by solid circles and triangles (Reproduced by permission from Akeson WH, Woo
SL-Y, Coutts RD, et al: C alcif Tissue R es 19: 7, 1975).

FIG. 2— GFMM plate (above) and
Vitallium plate (below) used on intact
dog femur. (Reproduced by permission
from Akeson WH, Woo SL-Y, Ruther
ford L, et al: A cta Orthop Sta n d 47:
241, 1976).

concomitantly with the production of
plates with greater rigidity. Hicks6
proposed that rigid fixation without
compression was the essential feature
of fracture stability.
The healing process was much
enhanced by these developments.6'10
A price had been paid, however,
with the use of heavier plates be
cause of the mechanical dependence
bone exhibits to maintain its mass.
The rigid plates produce a localized
disuse osteoporosis7'16 which is be
lieved to be the basis for the
reported rates of refracture upon re
moving the plate.1017’19
Experiments and Results

Experiment 1
Our study of plate-induced osteo
porosis was stimulated by the report
of Uhthoff and Dubuc16 on the de
velopment of porosity in bones plated
with rigid plates. One of the initial
experiments20,21 involved the creation
of bilateral mirror osteotomies in the
radii of six adult mongrel dogs. The
right radius was plated with a stain
less steel veterinary plate with a
measured bending stiffness of 5.5 X
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significant differences in Pmax in both
the 9- and 12-month groups and a
significant difference in Am,« in
the 2-month group (Fig. 4). The
left side (flexible plate) showed
greater strength. In both groups,
measurement of the anterocortical
thickness and the posterocortical
thickness indicated thinning of the
anterocortex under the rigid plate,
but not under the flexible plate (Fig.
4). There were no differences between
the two sides in the amount of new
bone formed or the degree of porosity.
Based on this experiment, we con
clude that a rigid plate has a long
term effect on bone, principally
causing cortical thinning. Increasing

porosity was not observed, presum
ably because there was no fracture
healing response.
Experiment 3
A third experiment was designed to
study the long-term effect of plate
stiffness on bone in the presence of
an osteotomy. This long-term project
is still in progress. A stainless steel
plate is being compared with a tita
nium alloy plate designed to maintain
the tenfold reduction in bending stiff
ness as in the previous two experi
ments.
A particularly convenient property
of the titanium alloy plate is its
relatively low axial stiffness of 2.5 X
106 N, which is comparable to that of
the dog femur. The stiff stainless

steel plate was applied to the right
femur of the dog and the titanium
plate to the left femur. Osteotomy
was carried out on both femora be
fore application of the plate. Because
of the severe stresses generated in this
model, the plates had to be applied
with bolts (Fig. 5). We have obtained
data on three dogs killed at 6 months
and on three dogs killed at 9 months.25
The femora of dogs killed at 18
months are currently being evaluated.
The femora were first subjected to
nondestructive torsional and fourpoint bending tests. Subsequently,
strips were cut from the femur for
destructive testing under four-point
loading as previously described. As in
experiment 2, all animals received
tetracycline orally, in two 8-week
periods, for 16 weeks before they

FIG. 3— Schematic diagram o f identi
fication system used for eight segments
subdivided from mid-diaphysis of dog
femur. Note that plate was applied on
anterior surface of the bone (Reproduced
by permission from Akeson WH, Woo
SL-Y, Rutherford L, et al: A cta Orthop
Scand 47: 241, 1976).

Fig- 5a

Fig. 5b

FIG. 5— Appearance of dog fem ora after healing of osteotomies fixed with
stainless steel plate (a) and titanium alloy plate (b). Note bolts required to maintain
fixation of this model, as well as extensive callus formation on both sides.

FIG. 4— Comparison
of
anterior
(AL and AM) and posterior (PL
and PM) segments of plated femoral
diaphyses. Consistent statistical differesces were found in cortical thickness,
quantitative histologic data and bio
engineering tests between left (GFMM
plated) and right (Vitallium plated)
specimens (Reproduced by permission
from Akeson WH, Woo SL-Y, Ruther
ford L, et al: A cta Orthop Scand 47:
241, 1976).
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FIG. 6— Histogram showing results of histomorphologic evaluation22 o f dog
femora plated with rigid stainless steel plate on right (white bar) and titanium alloy
plate on left (black bar) for 6 months. N ote equalizing effect on overall results of
inclusion of periosteal figures. NS = not significant.
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were killed. Roentgenograms of the
femora for each dog were obtained
at regular monthly intervals.
Results .—In the dogs killed at 6
months the structural properties of
the femora displayed no differences,
either in torsion or bending. Morpho
metric analyses revealed no difference
in the amount of cortical bone and
new bone, but we noted a significant
(P < 0.05) increase in cortical por
osity on the less rigidly plated side.
By including the values for the perio
steal bone (of which there was a
large mass) no differences were seen
between the right and left sides in
total bone, new bone or degree of
porosity (Fig. 6). This was consistent
with the biomechanical findings. Our
results also point out the importance
of callus in contributing to the
strength of healing bone.
The animals killed at 9 months
showed additional differences. On
mechanical testing of the whole bone,
the less rigidly plated bone showed
a 17% greater torsional stiffness
and a 23% greater bending stiffness
than the more rigidly plated bone
(Table I). By mechanical testing of
3-mm strips taken from the femoral
diaphysis, we found that the less
rigidly plated bone was stronger
structurally and mechanically than the
more rigidly plated bone (Table II).
Morphometric analysis revealed lower
cortical porosity (8% vs 15%) and
greater new bone formation (17% vs
12%) for the less rigidly plated bone
(Fig. 7). This correlates with the find
ing by mechanical testing of reduced
mechanical and structural qualities
for rigidly plated bone.
Discussion
It is apparent from the results of
these studies and those of others14'16
that application of a plate alters the
strain pattern in bone, which in turn
induces adaptive changes in the bone.
These changes are mediated by the
mechanism of bone resorption and
bone formation, normal processes
present in all bones to a varying
degree. The rate and relative activity
of each process can be modified ac
cording to the nature of the influenc
ing modality. For example, the simple
application of a plate induces changes
in bone resorption and formation
rates.12 The creation of an osteotomy,
however, with subsequent plating in
duces changes in resorption and for
mation to a different degree. The
addition of the healing response,
because of the presence of the osteo
tomy, results in a greater degree of
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Table I— Results of Nondestructive Biomechanical Testing of the Femora from Dogs Treated
w ith Rigid Stainless Steel (R ight Femur) and Flexible Titanium (L eft Femur) Plates
after Osteotomy
Test
Bending stiffness,
Nm2

Torsional stiffness,
N m 2/rad ian
Femora

animals

Left

2

27

Normal
Paired Student’s f-tes t
Experimental
6-month group
1 P
100
Paired Student’s f-tes t
9 month group

Right

Left

26

12

12
P > 0.50

P > 0.50
3

Right

13 ± 2

14 ± 2 13 ± 3

16 ± 3

0%

13%

P > 0.50

P > 0.10
18 ± 3 16 ± 1

21 ± 4

3

17%

23%

P < 0.05

P < 0.025

100
Paired Student’s C test

13 ± 1

*L = le ft, R = right.

Table II— Results of Biomechanical Testing of Femora at 9 Months
after Osteotomy and Fixation*

Femora
Normal
Experimental
Stainless steel plate (rig h t)
Titanium plate (le ft)
Paired Student’s f test
(rig h t vs le ft)

Maximum
bending
energy,
1 0 -2 Nm

Flexural
modulus,
N X 109/m 2

U ltim ate
bending
strength,
N X 106/m 2

18 - 20

240 - 270

2.6 ± 0.5
4.3 ± 0.7

55 ± 10
80 ± 12

59 ± 9
88 ± 12

7.2 ± 1.7
14.6 ± 3.5

P < 0.005

P < 0.005

P < 0.005

P < 0.025

Maximum
bending
load, N

—

—

*Adapted from Woo SL-Y, Akeson WH, Schmidt DF e t al: Trans Soc Biom ater 2: 58, 1978.
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FIG. 7— Histogram of morphometric results^ from femora 9 months after
osteotomies were fixed with rigid stainless steel plate on right (white bar) and
flexible titanium plate on left (black bar). NS = not significant.
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bone resorption than occurs when a
plate is applied without an osteotomy.
It is important to emphasize that
any surgical intervention in fracture
care causes additional traum a to the
already traumatized bone and soft
tissues. The goal of any internal fixa
tion device, therefore, is to minimize
the destructive effects of its insertion
while permitting the bone to heal
physiologically. It has been shown
that rigid internal fixation devices
promote union while restoring the
anatomy and maintaining joint func
tion. However, such devices do not
allow normal bone healing in a
physiologic sense (i.e., the formation
of an encompassing callus) and they
cause regional osteoporosis by virtue
of their stress-protecting function.
Clearly, the degree of plate stiffness
influences the response of bone by
means of its resorption-form ation
mechanism as illustrated in our ex
periments. What has to be delineated
now are the safe limits of plate flexi
bility to ensure fracture healing and
to avoid long-term changes in bone
strength. Eventually the surgeon may
have at his disposal an index of plate
stiffness (flexibility) related to the size
of the bone to be treated which will
guide him in the selection of an
appropriate plate.
The paradox of the internal fixa
tion of fractures is the requirement
of rigid fixation to achieve union
combined with flexibility to restore
normal mechanical properties after
union. If bone mass can be main
tained simply by axial load, it may be
possible to design an im plant that
will permit this mode of load trans
mission while at the same time main
taining stiffness in the torsional and
bending modes.

Three experiments have been de
scribed which indicate that bone mass
changes in response to application of
a rigid plate. The degree of bone
change depends on the degree of plate
stiffness (flexibility). Less stiff plates
are capable of promoting union in
experimental osteotomies.
Further work has to be done to
define the quantitative requirements
for plate stiffness during the fracture
healing phase and for plate flexibility
during the late remodelling phase of
fracture repair.

Vanadium steel
bone plates and screws. Surg Gyn
ecol Obstet 14: 629, 1912
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To the editors: I appreciate Dr.
G agnon’s comments about our paper.
However, the tone and content of his
letter indicate that he has missed the
point of the article. It was intended to
indicate that in selected cases in
which radiation therapy had failed
and where substantial soft tissue re
pair was needed, a two-team approach
can be beneficial.
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stimulates natural clotting and healing of disrupted tissue
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packing cavities - obliterating
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jar of one sponge
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promote healing in chronic
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jar containing 1 g

Precautions

Gelfoam and Gelfilm are simple to use, and with conscientious observance of certain precau
tions satisfactory results may generally be expected where their use is indicated.
1. Geifoam should be used discriminately in arterial bleeding because of the intra-arterial pres
sure. It is advisable to suture and reinforce where possible.
2. Although Gelfoam generally serves its purpose well in the presence of haemorrhagic blood
dyscrasias, it should not be relied upon as the sole method of haemostasis in such conditions.
3. Gelfoam should not be used to stop menstrual bleeding. In postpartum and menorrhagic
bleeding it serves only as a temporary vaginal tampon.

Ophthalmic Sterile Gelfilm
25 x 50 mm
box of 6

U p jo h n

4. Gelfoam must be in snug contact with the bleeding surface in order to be effective.
5. Use Gelfoam as sparingly as possible in order to minimise the amount of implanted foreign
material.
6. Do not overfill cavities with Gelfoam.
7. Do not use Gelfoam in grossly contaminated wounds which are so deep that drainage is
interfered with. However, it may be used for temporary haemostasis in more superficial
contaminated wounds, provided it is removed after it has served its haemostatic purpose.
8. Avoid prolonged exposure to Gelfoam to contaminated air.
Detailed information available on request.

Management of Complex OpenfTibial Fractures^)
with External Skeletal Fixation and Early
Myoplasty or Myocutaneous Coverage
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The management of severe open
fractures is difficult. The high energy
forces cause considerable comminution,
displacement and extensive soft tissue
damage with associated skin loss,
all of which complicate treatment.
The authors review the role of the
soft tissues in the healing process
of complex, open fractures with special
emphasis on the concept of the “open
fracture wound” . A survey of the
published results of the treatment of
severe open tibial fractures provides
the background for an approach to
the management of these severe
fractures by stable external fixation
with early myoplasty or myocutaneous
coverage; this is a departure from
traditional orthopedic methods of
treatment. The authors present their
prospective treatment protocol and
review the results in the first eight
patients managed by this method.
Le traitement d'une fracture ouverte
accompagnee de dommage etendu des
tissus mous represente un probleme
epineux. Des forces de grande energie
causent une communition spectaculaire,
un deplacement des fragments et un
dommage etendu des tissus mous
avec perte cutanee. Tous compliquent
les soins.
Les auteurs revisent le rdle des
tissus mous dans la guerison des
fractures ouvertes et discutent en
elaborant tout particulierement le
concept de “open fracture wound”.
Une revue de litterature des resultats
du traitement des fractures ouvertes
est faite dans le but de mieux
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comprendre notre approche. Celle-ci
consiste dans une fixation externe
stable accompagnee d'une myoplastie
ou d'un recouvrement musculo-cutanee
precoce. Ceci est contraire aux
methodes orthopediques habituelles.
Le protocol therapeutique prospectif
est presente. Le resultat obtenu dans
les premiers huit patients est
encourageant.

The complex open fracture must not
be considered in terms of the bone
alone. Rather, the concept of the open
fracture wound involving the skin,
fascia, muscle and periosteum as well
as the bone, is the key to understand
ing wound healing in these injuries.
Nutrition is mandatory for the
progression of each phase of wound
repair once the initial lag phase has
passed. Healing progresses from in
flammation, migration, proliferation
and secretion, to maturation. Adequate
oxygen is required for collagen crosslinking and remodelling. However, if
the wound tissue becomes hypoxic
during this phase, avascular scar tis
sue, which is caused by continued
motion at the fracture site, by infec
tion or by excessive edema, will be
produced instead of matrix. With ade
quate wound nutrition and good me
senchymal milieu, the matrix will be
converted by the appropriate stimulus
into fibrocartilage, hyaline cartilage
or bone. If the soft tissue requirements
are met, stabilization of the skeletal
portion of the open fracture wound
will promote the production of bone.1
Rhinelander1 has demonstrated in
the laboratory animal that both the
soft and hard tissues share numerous
microanastomoses. In displaced frac
tures with interruption of the endosteal
blood supply, early wound healing
was shown to occur through the pro
liferation of muscle-supplied periosteal
vessels to accommodate the fracture
callus. Holden2 has demonstrated that
the initiation of callus formation is
dependent on soft tissue vascularity.
The muscle and periosteum about the
osteotomized rabbit radius were made
ischemic by a circumferential suture
VOLUME 23, NO. 3, M A Y 1980
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to mimic massive trauma. Before frac
ture-wound healing could proceed,
muscle and periosteum had to be re
vascularized. The healing process
could then be started by neovascular
growth from the muscle/periosteum
into the cortex. During this time, no
proliferation of the endosteal circula
tion occurred. There was a lag time
of 3 to 4 weeks for initiation of hard
tissue wound healing in Holden’s
experimental model.
In the complex open fracture, there
is a lag phase during which restora
tion of a viable, soft tissue envelope
must be accomplished before bone
healing can begin. A major aim,
therefore, should be to establish a
favourable mesenchymal milieu, that
is, to create and maintain a “live
wound” to enhance and hasten the
healing of the soft and hard tissues.
Survey of Treatment of Complex
Open Tibial Fractures

Open fractures have previously
been classified on the basis of the soft
tissue wound or the fracture pattern.
Table I presents a classification of
open fractures based on the soft and
hard tissue damage. Comparing
methods of treatment of complex open
tibial fractures is difficult since the
Table 1—Classification of Open Fractures
Type

Description

1

Low energy forces causing spiral
or oblique fracture pattern with
skin laceration <2 cm; wound
is relatively clean
Moderate energy forces causing
comminuted or displaced frac
ture with skin laceration >2
cm and moderate adjacent skin
contusion and muscle damage
High energy forces causing
appreciably displaced fracture
with severe comminution,
segmental fracture or bone
defect with extensive skin loss
and muscle damage
Vascular injury requiring repair,
high velocity gunshot or
shotgun wound, history of crush
or degloving injury

II

III

Ilia
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data bases differ for each study.
NicolF determined that the factors of
comminution, wound size and conta
mination, infection, displacement and
bone loss were fundamental when
attempting to predict the outcome of
treatment. Edwards4 clearly showed
the relation between soft tissue injury,
especially skin necrosis and infec
tion, and prognosis of fracture
healing. Thus, any discussion of the
results of open tibial fractures will be
misleading if the severity of the trauma
is not clearly defined.
A review of the published series by
Riiedi, Webb and Allgower,5 Rosenthal
and colleagues,6 T0nnesen’s, group,'
and Olerud and Karlstrom8,9 further
illustrates the difficulties encountered
in wound healing disturbances such as
infection, delayed union, nonunion and
failure of fixation. The 34% rate
of severe healing disturbances reported
by Olerud and Karlstrom8 led them to
change from internal plate fixation to
external fixation management of types
II and III fractures.9 Furthermore,
T0nnesen, Fleerfordt and Pers7 corre
lated the rate of hard tissue healing
disturbances directly with that of skin
necrosis. They suggested stable ex
ternal fixation supplemented by myo
plasty as alternative treatment in type
II and type III open tibial fractures.
The experience at our institution
confirms the wisdom of treating type
III open fracture wounds by stable
external fixation.10 Since internal fixa
tion usually requires soft tissue strip
ping, further devitalization of the
hard tissue may occur. Plates also
create dead space and areas that may
harbour bacteria. Current methods of
external skeletal fixation provide
excellent stability without further
devitalizing tissue. Ready access to the
wound is provided by external an
chorage, and soft tissue coverage
procedures can be effected. Indications
for external skeletal fixation are shown
in Table II.
The experience at Parkland Hos
pital in Dallas, Texas, and that of
Rosenthal and colleagues,6 in which
failure to restore the vascular envelope
of soft tissue around the fracture led
to a high rate of infection and non
Table II— Indications for External Skeletal
Fixation
Extensive soft tissue/skin damage
Severe comminution/unstable fracture
Segmental defect of bone
Expectant treatment: possible amputation
Open fracture wound requiring myoplastic
coverage
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union, call for further development
of the treatment concept of the open
fracture wound. For the soft and
hard tissues to heal, a vascular soft
tissue environment must be restored
to provide proper nourishment of the
entire wound.1,2,6
Management Protocol for Complex
Open Tibial Fractures

and plastic surgeons. Four ampoules
of fluorescin (6 to 8 ampoules in
dark-skinned patients) are injected in
travenously. Ultraviolet light shows
fluorescence in viable skin and muscle,
but not in nonviable soft tissue. The
nonviable soft tissue is further
debrided.
At this point either myoplasty or
myocutaneous flap coverage of ex
posed bone is performed (Fig. 1), as
well as skin graft coverage of exposed
muscle beds. The open fracture wound
is therefore converted to a closed
fracture early after injury. Myoplasty
or myocutaneous flap coverage11'13 is
performed in accordance with the
level of bone exposure (Table III). In
the distal third of the tibia, muscles
are much less available; however,
limited coverage is possible with
peroneus tertius, flexor digitorum
longus or distal based soleus (currently
under investigation). In patients in
whom local soft tissue coverage cannot

We initiated a prospective study of
complex open tibial fractures limited
to injuries of types III and Ilia. The
objective was to obtain primary heal
ing of the open fracture wound of
both soft and hard tissues. In these
open fracture wounds, radical debride
ment of nonviable soft tissue, stable
external skeletal fixation and early
bone coverage were accomplished by
myoplasty or myocutaneous tech
niques. We did not use the more tra
ditional methods of soft tissue cover
age of hard tissue, by advancement
flaps, bipedicle flaps or release inci
sions. The skin in the lower extremity
receives its blood supply through di
rectly perforating vessels from the
Table III— Myoplasty/IVlyocutaneous
underlying muscle.11 These vessels are
Coverage of Tibia
always divided when skin alone is ad
Level of soft
Soft tissue
vanced, leading to further compromise
tissue defect
transposed
of skin in the open fracture wound.
Proxim al third
Gastrocnemius;
The initial management of the
medial soleus
patient in the emergency room consists
Proxim al-m iddle
Gastrocnemius;
of assessment of the wound, wound
third junction
soleus
culture, saline lavage, scrub and ap
Middle third
Soleus, entire or
medial; flexor
plication of sterile dressing to prevent
digitorum longus
further contamination. The fracture is
D istal third
Flexor digitorum
held by cast splintage which helps to
longus; peroneus;
align both the hard and soft tissues
d is tal sole u s
and to provide decompression of any
marginally vascularized areas. Paren
teral antibiotics (Cefamandole® [Eli
Lilly & Co., Indianopolis, Md.] 2 g,
given intravenously) are administered
in patients with a contaminated wound
before roentgenograms are obtained.
Tetanus prophylaxis is carried out as
indicated.
In the operating room radical
debridement of the wound and jet
lavage with a large amount of fluid
are carried out. Transfixing pins are
placed proximal and distal to the frac
ture site and reduction is accomplished
by applying the external fixation
device. Transfixation in the coronal
plane is often supplemented by addi
tional fixation in the sagittal plane.
Soft tissue damage is reassessed and
nonviable tissue is removed. Vascular
injuries are then repaired. Wet com
pression dressings are placed on the
open fracture wound and the limb is
elevated. The patient returns to the
operating room 3 to 5 days after the
FIG. 1— Myoplasty coverage of tibial
injury, for assessment of the open defects. F.D.L. = flexor digitorum
fracture wound by both orthopedic longus.
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^Neosporin* Irrigating
be obtained, distant free flap cover
age is performed if regional vascularity
permits. This is an extremely demand
ing procedure and must be performed
by surgeons skilled in microvascular
anastomosis.
Results

Eight open tibial fractures of types
III and Ilia, managed by stable ex
ternal skeletal fixation and early myo
plasty or myocutaneous coverage, have
been followed up for at least 6 months
with encouraging results. Of the eight
limbs requiring soft tissue coverage
of bone, all have united (mean time
3.6 months). The fixation of several
of these fractures was converted from
Anderson external frame anchorage
to a form of epoxy tube external stabi
lization; this technique is in the experi
mental stage but shows promise of
being more stable and gaining better
patient compliance than others. The
average time of hospitalization for
these patients was 4.2 weeks.
With this aggressive approach to the
treatment of open fracture wounds,
primary healing has been achieved
without complications relating to the
soft tissue wound. Furthermore, no
important functional deficits have been
identified in the limbs with transposed
muscle. Definitive functional myoelec
tric and gait analysis will be done on
the entire study group to evaluate any
deficits associated with myoplasty.

4. E dwards P: Fracture of the shaft I Solution
of the tibia: 492 consecutive cases in
adults—importance of soft tissue in Neomycin Sulfate and
jury. Acta Orthop Stand (suppl 76): Polymyxin B Sulfate Solu
1. 1965
5. R uedi T, W ebb JK, A llgower M: tion for Irrigation U.S.P.
Experience with the dynamic com A concentrated antibiotic
pression plate (DCP) in 418 recent
fractures of the tibial shaft. Injury 7: solution to be diluted for
252, 1975
urinary bladder irrigation
6. R osenthal RE, M c P hail JA, O rtiz
JE, et al: Nonunion in open tibial not for injection
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Summary

The concept of the open fracture
wound in which all tissues are con
BOOKS RECEIVED
sidered is the key to understanding the
healing process of complex open frac
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Structural and(fBiomechanic^l Changes in ^ o n e ^ )
after Rigid Plate Fixation
^opQj Xjucl.
P*K SLATIs/ MD; PfeR<K-A PAAVOLAINENJ ME

Structural and biomechanical changes
in cortical bone of rabbits were
studied after a commercial stainless
steel DCP/ASIF (dynamic compression
plate/Association for the Study of
Internal Fixation) plate had been
attached to both intact and osteotomized tibiofibular bone. Periodic
observations were made 1 to 36 weeks
after the operation.
All osteotomies united by primary
bone healing within 9 weeks. In all the
specimens studied the structural
changes were uniform: the diameter of
the entire bone and of the medullary
cavity had increased as a result
of subperiosteal bone formation and
simultaneous subendosteal bone
resorption. Porosis of the cortex
started at 3 weeks and progressed
swiftly. At 24 weeks the cavities
occupied about 40% of both intact
and osteotomized bone.
The biochemical properties of the
bone changed in a biphasic manner.
Torsional strength of plated intact bone
at first increased but then decreased
so that at 36 weeks bone strength
was about two thirds of the initial
postoperative value. Torsional strength
of plated osteotomized bone increased
steadily until normal values were
reached at 9 weeks, but then decreased
to subnormal values. The decline in
torsional strength coincided with the
appearance of porosis.
The changes observed in the osteo
tomized bones suggest that rigid
plates should be removed shortly
after the fracture has healed, before
secondary porosis has weakened
the bone.
Nous avons etudie les changements
structuraux et biomecaniques d’os
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cortical du lapin a la suite d’une
fixation interne par plaque d'acier
inoxydable D CP/ASIF (dynamic
compression plate/Association for the
Study of Internal Fixation). Ces plaques
furent appliquees sur I'os tibioperonier
aussi bien intact qu'osteotomise.
Nos observations s’echelonnent sur
une periode d'une a 36 semaines.
Toutes les osteotomies guerissaient
en dedans de 9 semaines. Les
changements structuraux etaient
uniformes dans tous les specimens:
le diametre externe de I’os ainsi que le
diametre dans la cavite medullaire
avaient augmente resultant d'une
apposition sousperiostee et d'une
resorption endostee. Une porosite des
corticales debutait a 3 semaines et
progressait rapidement. A 24 semaines,
ces cavites occupaient a peu pres
40% de la corticate des deux, de I’os
intact et de I’os osteotomise.
Les proprietes biochimiques de I'os
changeaient d’une maniere biphasique.
La resistance en torsion d ’un os
intact avec plaque augmentait d'abord
mais diminuait a la suite; apres 36
semaines, elles atteignent pour
atteindre deux tiers de la resistance
determinee immediatement apres
I'operation. La resistance en torsion de
I’os osteotomise et fixe par plaque
augmentait d'abord. En effet, a 9
semaines des valeurs normales furent
enegistrees. A la suite les valeurs
diminuaient. Cette diminution de la
resistance coi'ncidait avec I'apparition
de cavites de porose.
Les observations faites sur I’os
osteotomise indiquent que les plaques
rigides devraient etre enlevees apres
la fracture consolidee bien avant que
les changements porotiques
affaiblissent I'os.

Rigid plate fixation o f fractured long
bones provides conditions conducive
to primary bone repair. The essential
feature is an end-to-end consolidation
o f the fractured bone with minimal
formation o f external callus. Morpho
logically, healing is accomplished by
a widening o f the Haversian canals,
activation o f the osteogenic cells in
the cortex and the formation o f cutter
heads that eventually penetrate the
transverse osteon in the fracture gap.1,2
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The advantages o f rigid plate fixa
tion are partly offset, however, by
secondary changes in the underlying
bone. Widening o f the Haversian
canals may result in cavities which
cause porotic changes in the bone,
weaken its structure and contribute
to refracture after late removal o f the
implant.3-5 In experimental animals,
the degree o f porotic transformation
in the plated bone appears to differ
in different species. It is extensive in
rabbits6-7 and moderate to negligible
in dogs8-9 and sheep.10 The frequency
o f porotic changes, moreover, seems
to be closely related to the stiffness of
the plate. Plates with elastic properties
resembling those o f the plated bone
induce fewer adverse reactions than
do stiff plates.11-12
Structural changes in cortical bone
have been observed after plating o f
intact as well as osteotomized bone.
Since during normal fracture repair
Haversian bone remodelling causes
cavitation o f the bone adjacent to the
fracture site, cancellous transforma
tion after plating may be more ex
tensive in osteotomized bones than in
intact bones. In this report, the mag
nitude o f the structural and biomech
anical changes in bone at different
intervals after rigid plate fixation was
analysed in both intact and osteo
tomized bones.

Material and Methods
Adult rabbits o f both sexes, weigh
ing from 2400 to 4000 g were used.
They were divided into two groups.
Group 1
T o study bone reactions in plated
intact bones, a commercial stainlesssteel, four-hole D C P / A S IF (dynamic
compression plate/Association fo r the
Study o f Internal Fixation) plate was
attached to the right tibiofibular bone
with axial compression and to the left
tibiofibular bone without compres
sion. The animals were killed at 3, 6, 9,
12, 24 and 36 weeks after the opera
tion. Both bones were subjected to
torsional loading13 in a torsion testing
machine until they broke. Samples o f
the bone were taken for morphologic
analysis and morphometric measure
ments.
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Group 2
To study the reaction of bone to
plating after osteotomy, a transverse
osteotomy was performed at the tibio
fibular junction of the right tibio
fibular bone. Osteosynthesis was ac
complished with a commercial stain
less-steel six-hole DCP/ASIP plate
and axial compression. In the left leg,
the periosteum was exposed but the
bone was left untouched. The animals
were killed at various intervals and
specimens of both bones were tested
as in Group 1.
Results
Macroscopic Observations
In both groups, subperiosteal new
bone appeared early and, at 12 weeks,
had partly covered the plate. Later,
the periosteal bone formed a smooth
layer, without any excrescences,
around the plate.
Transverse sections of the bone
showed a widening of the medullary
canal and a thinning of the cortical
wall, especially under the plate. In the
later stages after fixation, sections
showed tubular bone with an overall
diameter slightly greater than normal
(Fig. 1).
All osteotomies united within 9
weeks. In samples of bone subjected
to torsional loading, the features of
the ensuing fracture depended on the
stage of healing. At 3 weeks the tor
sional load caused a soft rebreakage
of the recent osteotomy; at 6 weeks,
the cleavage partly reopened the
osteotomy, but then veered upwards
as a marginal spike fracture; at
9 weeks torsion caused a spiral frac
ture through the bone adjacent to the
osteotomy.
Microscopic Observations
In both groups, the first morpho
logic change (i.e., widening of the
Haversian canals) appeared in trans
verse sections of the bone at 3 weeks.
Later, osteoclasts punched out the
surrounding osteons until, at 12
weeks, the eroded areas had con
verged forming numerous, randomly
oriented cavities of varying sizes.
Subendosteal bone resorption started
at 6 weeks and continued throughout
the experiment. However, the forma
tion of surrounding subperiosteal bone
partly compensated for this loss of
bone. In intact bone the reactions
after plate fixation with and without
compression were similar.
In the osteotomized bone, repair
followed the course of primary bone
healing. The porotic transformation
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of the bone beneath the plate con
tinued long after the fracture had
united.
Morphometric Measurements
In transverse sections it was found
that Haversian cavities normally oc
cupied about 7% of the entire bone
surface. In plated intact bones,
whether subjected to compression or
to neutral plate fixation, the percent
age increased to 16 ± 3.6 (mean ±
standard deviation) at 6 to 12 weeks
and to 42.2 ± 2.9 at 18 to 24 weeks.
Similar values were obtained for
measurements of porotic changes in
plated osteotomized bones (Table I).
Thus, at 24 weeks, the portion of
the cortical bone occupied by porotic
cavities was 37.5 ± 10%.
Torsional Strength
Torsion tests revealed that in both
groups torsional strength had de
creased.
In group 1, torsional strength de
creased initially by 15% which re-

\

fleeted the weakening effect of the
four screw holes. Strength at 12
weeks had increased (P < 0.05).
Thereafter, bone strength decreased
again until, at 36 weeks, it was
about two thirds of the initial post
operative value (P < 0.01). Tor
sional strength did not differ sig-

Table I—Porosity of Rabbit Tibiofibular
Bone during the Repair of an Osteotomy
Treated with Rigid Compression*
% porosity, mean ± SD
Time after
operation, wk Plated bone Control bone
3
6
9
12
24

9.0
15.6
12.2
25.5
37.5

±
±
±
±
±

4.8
5.1
5.9
15.2
10.2

6.3
8.0
5.5
9.6
7.5

± 1.5
± 1.9
± 2.5
± 2.9
± 2.0

‘ Samples were taken from the lower end
of the mid-shaft between two distal screws.
Values indicate the porotic areas in the
bone, estimated from transverse sections
by random point-sampling analysis and
expressed as percentages of the total
transverse area of cortical bone.

1

t

Fig. la

Fig. lb

Fig. lc

Fig. Id

FIG. 1— Thin transverse sections of mid-shaft of rabbit tibiofibular bones after
application of rigid steel plates. Plates were attached to intact (nonosteotomized)
bone with axial compression. Arrows indicate location of plate, (a) At 3 weeks after
operation subperiosteal new bone is seen under edges of bone and around cortical
wall. Density of cortical bone is virtually normal, (b) Six weeks after fixation
widening of Haversian canals is seen in cortex, predominantly in area under plate,
(c) At 18 weeks, enlargement of resorption cavities has caused confluence of eroded
areas. Subendosteally, some cavities have eroded into medullary cavity, (d) At 24
weeks after operation subendosteal resorption of cortical wall has caused increase in
size of medullary cavity and notable thinning of cortical wall. Concomitant sub
periosteal apposition of new bone has increased overall diameter of bone.
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nificantly between bones plated with
axial compression and bones plated
without compression (Fig. 2).
In group 2, at 3 weeks, the tor
sional strength of the healing osteo
tomy was 40% of that of the paired
controls. Thereafter, strength in
creased rapidly until at 6 to 9 weeks,
when all osteotomies had united
macroscopically, the torque values
approached normal. After this the
strength of the bone gradually de
clined; at 24 weeks it was still only

69.2% of that of the paired control
bones (P < 0.02) (Fig. 3).
Discussion
The mode of spatial remodelling in
a tubular bone after rigid plate fixa
tion is interesting. The formation of
cutter heads and cavities in the cortex
is a common feature in cortical bone
undergoing repair and is obviously a
prerequisite for primary bone healing;
hence, moderate changes are purpose
ful. However, convergent cavities,

FIG. 2— Torque capacity of intact rabbit tibiofibular bone (group 1) 1 to 36
weeks after attachment of rigid plates with (white circles) and without (black
circles) simultaneous axial compression. Vertical bars represent one standard
deviation and stippled horizontal field represents normal mean value (± 1 SD) of
weight-matched controls. Note decline in torque capacity after 12 weeks of rigid
fixation and similarity in changes after plating with and without axial compression.
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endosteal resorption and formation of
subperiosteal new bone induce exten
sive changes in the bone structure,7'14
reflecting the efforts of the bone to
counteract the adverse effects of the
rigid implant. Whether these porotic
changes also imply a substantial loss
of bone mineral mass is still uncer
tain. Studies of plated bones with
attenuation techniques have revealed
that bone mineral mass is consider
ably reduced,915 but the data obtained
are biased by the spatial rearrange
ment of the bone. Recent data ob
tained by chemical analysis in our
laboratory16 suggest that both initial
and subsequent loss of calcium is
moderate. Loss of calcium from the
bone is not progressive, as might be
expected from the morphologic decay
of the bone. These changes indicate,
moreover, that the bone reactions
seen after the use of rigid implants
closely resemble the features of prim
ary and disuse osteoporosis.
As the porotic changes progress, the
biomechanical strength of the bone
declines. In intact bone torsional
strength is similar after plate fixation
whether compression is applied or not,
indicating that these changes are
attributable to the rigidity of the
attached plate and not to the addi
tional axial compression.
That torsional strength increases
during the first 9 weeks after plating
reflects the initial healing of the frac
ture. The current results corroborate
the observations of White, Panjabi
and Southwick17 that torsional strength
increases during the first 8 weeks of
healing after osteotomy in the rabbit.
However, the subsequent decline in
bone strength that we documented is
worth noting. It suggests that iti order
to maintain the favourable effect of
rigid fixation on fracture healing, the
implant should be removed shortly
after the fracture has healed and be
fore secondary porosis has weakened
the bone.
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FIG. 3— Torque capacity of healing experimental osteotomies (group 2) of
tibiofibular bone treated with rigid compression plates. Circles indicate mean values
measured 3 to 24 weeks after operation and vertical bars represent one standard
deviation. P values below show significant differences between mean torque value
shown and corresponding mean torque values of intact contralateral tibiofibular
bones. Stippled horizontal field indicates normal mean value (± 1 SD) of paired
intact bones. Note rapid increase in torque capacity of healing osteotomies 3 to 9
weeks after operation and subsequent decline in strength at 12 and 24 weeks.
NS = not significant.
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Anturan
(Sulfinpyrazone)
Action

1) Inhibition of thrombotic and embolic processes
that are associated with platelet adhesion,
aggregation, and reduced platelet survival.
2) Reduces serum urate level, prevents formation
of new tophi, promotes resorption of existing
tophi by increasing clearance of uric acid and
water through the kidneys.
Indications

1) Clinical states in which abnormal platelet
behavior is a causative or associated factor, as
demonstrated by:
-thromboembolism associated with vascular
and cardiac prostheses
—recurrent venous thrombosis
—arteriovenous shunt thrombosis
2) Chronic phases of gout (intercritical or silent
stage and the gouty arthritis stage).
Contraindications

Safe use in pregnancy has not been established.
Active peptic ulcer.
Known hypersensitivity to sulfinpyrazone and
other pyrazolone derivatives.
Severe hepatic or renal disease, unless due to
platelet aggregates.
Warnings

-Salicylates and citrates antagonize the
uricosuric action of sulfinpyrazone.
—Salicylates may cause serious prolongation of
bleeding time and in combination with
sulfinpyrazone, may cause bleeding episodes.
- Exercise care in patients with history of healed
peptic ulcer.
Precautions

As with all pyrazole compounds, patients should
be kept under close medical supervision and
periodic blood counts recommended. Use with
caution in conjunction with agents known to
displace or be displaced by other substances
from serum albumin binding sites, e.g. insulin,
sulfonamides, sulfonylurea hypoglycemics. In
hyperuricemic patients, adequate fluid intake
and alkalinization of urine are recommended
during initial therapy. Use with care in
conjunction with certain vitamin K antagonists.
Adverse reactions

Patients with multiple injuries often have both head injuries and
fractures, and management of the fractures can be difficult. This is
particularly so if the head injury is accompanied by convulsions,
spasticity, or abnormal movements. Early open reduction and internal
fixation is the treatment of choice. Anesthesia that provides for
adequate oxygenation is not a hazard to these patients. Fixation of
the fractures has a beneficial effect on the patient’s course because of
relief of pain and release from the constraints of splints and dressings.
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Gastric complaints or disturbances, aggravation
or reactivation of peptic ulcer, G.l. bleeding.
Rarely, skin rashes, anemia, leukopenia,
agranulocytosis, thrombocytopenia.
Symptoms and treatment of overdosage

Symptoms:
Nausea, vomiting, epigastric pain, ataxia,
convulsions. Coma may follow convulsions.
Suggested Therapy:
No specific antidote. Induce emesis or gastric
lavage; give symptomatic supportive treatment;
intravenous glucose infusion. Analeptic therapy
if respiration is affected.
Dosage and administration

Thromboembolic conditions:
Usual daily dosage: 600-800 mg in divided doses.
Should not exceed 1000 mg (20 mg/kg for a
50 kg man) daily.
Gout:
Usual daily dosage: 200-400 mg in divided doses.
May be increased to 800 mg if necessary, or
reduced to 200 mg when urate blood level has
been satisfactorily controlled.
Total dose must be distributed as well as
possible over a 24 hour period.
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Sudden

death
A major problem after
acute myocardial infarction.

Anturan*
A major solution.
Anturan reduced
sudden death rate by 74%
after acute myocardial
infarction.

Final results of the Anturan Reinfarction Study
(ART) clearly indicate that during the early postmyocardial infarction recovery period (1 m onth7 months post infarction), Anturan 200 mg Q.I.D.
reduced sudden death by 74% compared with
placebo. The drug was very well tolerated, with
no reports of serious side effects associated
with Anturan during the treatment period.
This study was published in the New England
Journal of Medicine, Vol. 302, No. 5, Jan. 31,1980.

Anturan 200 mg
four times a day

Saves lives.

Geigy
Dorval,Que. H9S1B1

G-0037

Note:
Anturan (Geigy) is the only sulfinpyrazone that has
been subjected to extensive clinical evaluation.
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The results in 104 patients with
fractures of the femoral shaft treated,
from 1969 to 1973 at the hopital du
Sacre-Coeur in Montreal, by insertion
of a large Kiintscher nail alone were
compared with those in 70 patients
whose femoral shaft fractures were
treated, from 1960 to 1975 at the
hdpital Notre-Dame in Montreal, with a
small Kiintscher nail and an autologous
iliac graft.
Use of a large Kiintscher nail without
bone grafting gave good results in
the majority of patients. Excessive
reaming, however, diminished the area
of contact between the fragments
and prolonged the healing time.
Refracture occurred more often. The
average length of time for
consolidation in nongrafted fractures
was found to be equal to the maximum
tim e for grafted fractures (i.e., 16
weeks). A small Kiintscher nail with
an autologous iliac bone graft could
be used safely in fractures of the
lower third and in the
subtrochanteric region of the femur.
Grafting produces earlier healing and
weight bearing. The hypertrophic
callus protects against refracture.
Les resultats dans 104 cas de fracture
du femur traites de 1969 a 1973 a
I’hopital du Sacre-Coeur de Montreal
par gros clou de Kiintscher sans
greffe ont ete comparees aux resultats
obtenus chez 70 cas de fracture du
femur traites de 1960 a 1975 a
I ’hopital Notre-Dame de Montreal
par petit clou de Kiintscher et greffe
iliaque autologue.
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L'utilisation d'un gros clou de
Kiintscher sans greffe osseuse donne,
dans I'ensemble, de bons resultats.
Cependant, I'alesage de fort calibre
diminue la surface de contact entre
les fragments. La consolidation est
plus lente et les refractures plus
nombreuses. Le temps moyen de
consolidation des fractures non greffees
fut trouve egal au temps de
consolidation maximum des fractures
greffees, soit 16 semaines. L'utilisation
d’un petit clou de Kiintscher avec
greffe iliaque autologue permit
d'etendre les indications operatoires
au tiers inferieur du femur et a la
region sous-trochanterienne.
La greffe amene une guerison
precoce, meme en presence d'osteite.
Le cal hypertrophique protege contre
les refractures.

The Kiintscher rod has revolutionized
the treatment of diaphyseal femoral
fractures in adults. More convenient
for the patient and the surgeon, its use
has reduced the length of hospitaliza
tion considerably.1,2 We now use
stronger, larger rods after reaming
the medullary cavity, thus assuring
better stability of fixation even beyond
the narrow zone of this cavity. This
technique permits early weight bear
ing. However, the problems of delayed
union and nonunion have not yet
been solved.
Over the years we have had to
insert bone grafts in a number of
patients because of nonunion of frac
tures despite expertly executed oper
ations; we did this at hopital NotreDame on 31 patients between 1960
and 1975.
We therefore investigated the use
of a small Kiintscher rod combined
with an autologous bone graft.
Study D ata

Our study was based on the follow
ing clinical, anatomical and physio
logic data.
Clinical Data

1. Observations and treatment of a
series of patients with delayed union
of femoral fractures which had been
treated with a rod but not grafted.
2. Verification of an unexpected
VOLUME 23, NO. 3, M A Y 1980
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phenomenon observed in a few pa
tients with bilateral tibial or femoral
fractures (in whom one side was
treated with a rod and the other
with traction followed by application
of a plaster cast) that bone grafts
which we had inserted at the fourth
month in femurs that had been
treated with a rod had healed earlier
than conservatively treated fractures.
This raised the question of how
soon union would have occurred
if the fracture had been grafted at the
time the rod was placed.
Anatomical Data

1. The femur and its medullary
cavity have an anteroposterior cur
vature which permits compression at
three points with a small rod.3
2. The metaphyseal and epiphyseal
zones of the femur are filled with
cancellous bone which confers stabi
lity and prevents rotation during the
maturation of the graft.
3. The irregular bone ends at the
fracture site also prevent rotation
after reduction.
4. By means of certain surgical
procedures, such as circumferential
wiring at the lower one third of the
femur to fasten butterfly fragments or
using double stacked Kiintscher rods
in the subtrochanteric region, one can
broaden the indications for the small
rod and bone graft procedure. It is
sometimes helpful to use a simple
vertical spike between two fragments
to prevent rotation.
Physiologic Data

1. Excessive reaming of the femur
(a) reduces the area of surface con
tact between the fragments to 2.4 cm2
(Fig. 1), (b) disrupts intramedullary
vascularization and (c) results in com
pression of the venous plexus, whose
function is to return blood to the
endosteum, by the large rod.4'6
2. Minimal reaming followed by
the use of a small rod and a bone
graft (a) maintains the area of
surface contact between fragments
(5.6 cm2 between fragments and 48
cm2 between grafts and fragments)
(Fig. 2), (b) minimally disrupts intra
medullary vascularization and (c)
prevents compression of the venous
plexus.
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Patients

We compared the results in 104
patients with 106 femoral fractures,
treated at the hopital du Sacre-Coeur
between 1969 and 1973, by means of
large Kiintscher rods without bone
grafting (group 1), with the results in
70 patients with 75 femoral fractures,
treated at the hopital Notre-Dame be
tween 1960 and 1975, by means of
small Kiintscher rods and autologous
iliac grafts (group 2).* Age, sex and
type of accident were similar in both
series.

*This study is not a comparison of the
standard of treatment between two dif
ferent hospitals or groups of surgeons
but a comparison between two accepted
methods of treatment, one of which had
not been investigated previously.

I

FIG. 1—Area of surface bone contact
after excessive reaming (0.3 X 8 cm =
2.4 cm2).

FIG. 2—Surface of bony contact
after minimal reaming and bone graft
ing (0.7 X 8 cm = 5.6 cm2 between frag
ments and 6 X 8 cm = 48 cm2 between
graft and fragments).
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To place a small rod and bone
graft, the patient is positioned on the
sound side. The leg is draped free.
The operating field includes the iliac
crest.
Phase 1
Femoral.—The incision in the thigh
is made posterolaterally, following the
line of the posterior part of the
greater trochanter to the anterior part
of the fibular head. A rod of 9, 10 or
11 mm diameter, and occasionally 12
or 13 mm, is inserted into the
distal fragment after first testing it
without applying force. No reaming
of the distal fragment is done except
in subtrochanteric fractures. Once
the diameter of the rod to be used
has been determined, the proximal
fragment is cleansed and reamed to
fit the size of the rod. A guide wire
is then inserted towards the tip of
the great trochanter. The rod, the
proper length having been determined
beforehand on the unaffected limb, is
driven over the guide wire up to the
fracture line. When reduction is com
pleted, the rod is driven into the
distal fragment until it reaches the
cancellous tissue of the condyles to
1 or 2 cm short of the joint surface.
Stability is thus obtained in the
majority of patients. For others, the
methods described above will improve
the stability of the fixation. The
periosteal surface close to the frac
ture site is “petalized” with a straight
gouge.
Iliac.— On the same side a curved
incision is made, 1 cm below the
iliac crest, situated mostly over its
posterior aspect; it can be extended,
up to the anterosuperior iliac spine if
necessary. Numerous corticocancellous and cancellous chips are re
moved. Closure is done with slowly
resorbable Dexon®. This holds the
muscle in place and prevents a pos
sible painful exposure of the iliac
crest. A suction tube is left in situ.
Phase 2
Femoral.—The cancellous, followed
by the corticocancellous, chips are
deposited in a sleeve-like fashion
around the fracture site in the “petallized” zone.
The rod diameter in 50 of the
patients who underwent the nailing
and grafting procedure was as follows:
9 mm in 6 patients, 10 mm in 11
patients, 11 mm in 23 patients, 12
mm in 9 patients and 13 mm in
1 patient.
If the surgeon wishes to use a
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large rod, the operative technique is
similar, except that reaming of the
distal fragment is done to assure a
snug fit (i.e., 12 to 15 mm in
diameter).
Postoperative Management

Postoperative management included
early physiotherapy with isometric
exercises and joint motion, and
weight bearing between 4 and 8
weeks after operation depending on
the absence of pain and roentgen
ologic findings of callus formation.
Follow-Up

Certain patients with union of frac
tures were re-examined many years
after operation, often for medicolegal
reasons. The follow-up of group 1
patients was from 12 months to 6
years (average 2.5 years) and of group
2 patients was from 6 months to 5
years (average 3 years).
Findings

In evaluating the results it is inter
esting to note that the hopital du
Sacre-Coeur, which is situated on the
outskirts of Montreal, receives many
patients who have sustained femoral
fractures in highway accidents. The
hopital Notre-Dame, on the other
hand, located in the centre of the
city, receives a similar patient popula
tion from rural or distant provincial
hospital centres. This explains why a
larger number of patients with asTable I— Type of Fracture Treated
Group
Type of fracture
Open
Closed
Right femur
Left femur
Transverse or short
oblique
Comminuted
Segmental

2
1
(n =111)* (n = 7 7 )f
16
95
54
57
64

15
62
36
41
46

45
2

28
3

*5 patients (fractures) lost to follow-up,
f2 patients (fractures) lost to follow-up.

Table II— Location of Femoral Fracture
Group

1
Site
Proximal third
Proximal third middle third
Middle third
Middle third
distal third
Distal third

2

(n = 109) (n = 77)
11
27

4
14

52
19

35
18

0

6
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Table I I I — Effect of Interval between In ju ry and Operation on Tim e to Union
Tim e to union afte r operation at
Interval for all patients, d

< 1 wk a fte r injury, wk

1 to 3 wk afte r in ju ry , wk

Group

min

max

av

min

max

av

min

max

av

> 4 wk afte r injury, wk
min

max

1
2

0
0

39
45

7.5
15

8
4

24
16

16.1
8

8
4

24
12

14.2
8

_

_

6

24

av
12*
10

*1 pa tien t only.

Table IV — Effect of Type of Fracture on Time to Union (in Weeks)
Open fracture

Closed fracture

Table V II— Interval (in Months) between
Fixation and Removal of Kiintscher Rod

Comminuted fracture
Group

Group

min

1
2

8
4

max

av

min

max

av

min

max

av

24
12

16
8

10
4

24
14

15.7
7.9

8
6

24
24

16
10

Table V — Average Union Tim e (in Weeks)
According to Fracture Site

Proxim al third
Proxim al third - middle third
Middle th ird
Middle th ird - distal third
Distal th ird

1

2

15.6
13.3
16.6
16.6

8
7.71
8
8
8.5

sociated fractures are referred to the
hopital Notre-Dame than to the hopital du Sacre-Coeur. Moreover, at the
hopital du Sacre-Coeur, femoral frac
tures are handled by 10 different
surgeons, whereas similar fractures at
the hopital Notre-Dame are handled
by only one (LJP). The incidence of
lesions associated with the femoral
fractures was much higher in group 2
than in group 1 patients.
Fracture Characteristics
The type of fracture and the loca
tion are set forth in Tables I and II.
Interval between Injury
and Operation
The time between injury and oper
ation varied from 1 to 45 days, de
pending on the associated injuries
suffered by the patients and the
time of their arrival in the emer
gency department after the accident
(Table III).
It is interesting to note that the
average length of time for union of
nongrafted fractures operated on
within 1 week of injury was equal to
the maximum time of union for
grafted fractures (Table III).
The average union time for grafted
254

Minimum
Maximum
Average

Table V I— Interval (in Weeks) between
Operation and Roentgenologic Evidence of
Union

Group
Site

Tim e interval

1

2

9
48
19

6
31
18

Table V III— Complications in Total Series
Group

Group
Tim e interval
Minimum
Maximum
Average

1

2

Complication

8
24
15.4

4
24
8

Delayed union
Nonunion
Infected nonunion
Refracture
O steitis
Malunion
Shortening (2.5 cm)

fractures operated upon between 1
and 3 weeks after injury was the
same whereas the union time for non
grafted fractures was slightly reduced
(Table III).
Average union time of grafted
fractures operated upon more than 1
month after fracture was slightly
longer but still shorter than for non
grafted fractures (Table III).
Type of Fracture and
Time to Union
Table IV shows the relationship of
type of fracture to the time to union.
The average time to union according
to the site of fracture was substan
tially longer in group 1 than in
group 2 patients (Table V).
Comparison of the two groups with
respect to the time between operation
and union (Table VI), as shown on
the roentgenograms and to removal
of the Kiintscher nail (Table VII) in
dicates no significant difference al
though the mean time in both cases
was slightly longer for group 1
patients.
Complications
The complications of the operation
are set forth in Table VIII. It is
evident that there were substantially
VOLUME 23, NO. 3, M AY 1980 /

Total

1

2

7
2
5
6
2
1
1

2
1
—
1
2

24

6

—

Table IX — Complications of Open Fractures
Group
Complication

1 (n = 16) 2 (n = 15)

Delayed union
Nonunion
Infected nonunion
Refracture
O steitis
Superficial infection

2
0
1
0
1
0

2
1
0
1
2
1

Total

4

7

more complications in group 1 than
in group 2, but when open fractures
alone were considered, the findings
were reversed (Table IX).
Discussion
In their textbook on fractures,
Rockwood and Green7 have stated
that the question of combining bone
grafting with rod fixation has yet to
be clarified. “There has been a tradi
tion for using bone grafts at the time
of initial operative care, a belt and
suspenders type of thinking.”
We believe unequivocally that the

THE CANADIAN JOURNAL OF SURGERY

eliminated owing to increased surface
contact between the fragments.
The development of hypertrophic
callus protects against the risk of
refracture.

addition of bone grafts shortens ap
preciably the time of bone union
without increasing the risk of in
fection.
To complete this study, the use of
a large Kiintscher rod with bone
grafting and of a strong plate with
bone grafting should be investigated.
We also believe that there is a case
for the investigation of early bone
grafting of severely comminuted frac
tures of the lower third of the femur
treated in traction.
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tients still experience serious prob
lems. If questioned closely, many pa
tients admit to skin irritation, macera
tion and leakage from the appliance,
the presence of strong odour, the
formation of gas which may be embarassing, time-consuming care and
psychologic and sexual difficulties
related to the external appliance.
With this background in mind
Kock1 in 1969 designed the continent
reservoir ileostomy to provide com
plete continence of flatus and stool
with voluntary control, thereby ob
viating the need for an external ap
pliance. Since its inception, the con
struction and function of the reservoir
have presented little difficulty. How
ever, the outlet has required modifi
cation on several occasions to achieve
complete continence. Originally the
outlet was antiperistaltic; later an iso
peristaltic outlet was used.1’2 With
both types leakage of gas or stool, or
both, occurred in more than 50% of
patients. In 1973, Kock2 devised the
“nipple valve” to eliminate completely
these partial failures. Unfortunately,
the valve tended to slip in a high
proportion of patients,2 resulting again
in leakage of flatus and stool. There
fore Kock and associates3 further
modified the nipple valve. When the
modified operation was performed on
44 patients, only 4 (9%) required re
vision for valve slipping. We began to
The majority of patients with a newly use the continent ileostomy as an al
constructed conventional ileostomy ternative to the conventional ileostomy
adapt satisfactorily to their situation because of improvements in reported
and are able to lead a near-normal results.3'4 We tried to assess: (a)
professional and social life. Most re whether a state of continence could
turn to their full predisease activity. be achieved safely and consistently
Although surgical techniques for con with the nipple-valve technique and
ventional ileostomy have improved (b) whether there was substantial im
and modern ileostomy appliances have provement in the quality of life as a
been developed, some of these pa result of this operation.

atteints de colite ulcereuse demon
tree histologiquement; chez 11
patients, une ileostomie traditionnelle a ete transformee en ileostomie
de Kock et chez 4 malades I’ileostomie de Kock a ete pratiquee
en meme temps qu'une proctocolectomie.
II n’y a eu aucun deces operatoire.
Tous les patients sont devenus
continents pour ce qui est des
gaz intestinaux et des matieres
fecales. Aucun patient n'a besoin d'un
dispositif externe et tous s'accordent pour dire que leur qualite
de vie fut grandement amelioree.
Toutefois, 10 patients (59%) ont
requis au moins une operation de plus
pour corriger des complications
precoces ou tardives dont les plus
frequentes furent une obstruction
intestinal et un glissement de la
valvule.
Dans le but de reduire la
morbidite, plusieurs modifications
techniques ont ete faites. Les resultats preliminaires de ces modi
fications techniques chez 17 patients
sont decrites.
Les avantages de I’ileostomie
continente sont substantiels en depit
d’une forte morbidite initiate.
Les auteurs recommandent I'emploi
de I'ileostomie continente chez
des patients choisis.

A continent Kock ileostomy was
constructed in 17 patients with
histologically proven ulcerative
colitis; in 11 a conventional ileostomy
was converted to a Kock ileostomy
and in 4 the Kock ileostomy was
carried out in conjunction with procto
colectomy.
There were no operative deaths.
All patients are completely continent
with regard to flatus and stool.
No patient requires an external
appliance and all agree that the
quality of their lives has greatly
improved. However, 10 patients
(59%) required at least one additional
surgical procedure for early or late
complications, the most frequent
of which were intestinal obstruction
and valve slipping.
In an attempt to reduce morbidity,
several technical modifications
were made. The preliminary results
of the modified techniques used
in 17 patients are described.
The benefits of the continent
ileostomy are substantial despite
the high initial morbidity. The
authors recommend the use of the
continent ileostomy in selected
patients.
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The present paper reports the re
sults in 17 patients who underwent
a continent ileostomy. It also reports
the preliminary results from 17 ad
ditional patients operated on after our
technique was modified.
Patients

Between Aug. 15, 1977 and Oct.
31, 1978, 17 patients (8 men, 9
women) underwent a continent ileos
tomy. All had histologically proven
ulcerative colitis. Eleven patients had
previously had a conventional ileos
tomy. Their indications for conversion
to a continent ileostomy are sum
marized in Table I. A poorly function
ing, right-sided colostomy was con
verted in one patient. In another
patient a previously revised Kock
ileostomy performed at another centre
was reconstructed, and four patients
had their continent ileostomy con
structed as a primary procedure in
association with total proctocolec
tomy. The ages of these 17 patients
ranged from 19 to 55 years. All pa
tients were operated upon electively.
The follow-up was from 11 to 25
months.
Methods
Operative Technique
The construction of the ileal re
servoir was similar to that described
by Kock (Fig. 1). The terminal 15 ciTi
of distal ileum is left undisturbed ini
tially (Fig. 1A). A 30-cm segment of
ileum proximal to this is folded into
a “U ” having two 15-cm limbs which
are sutured together (Fig. IB). The
limbs of the “U” are opened and a
second layer of sutures is made (Fig.
1C). The fat and peritoneum are strip
ped from the 10-cm segment of ileum
distal to the “U” to be used for the
nipple valve.3’5 A slit is made in the
mesentery and the mesenteric border
of the mid-portion of this segment is
cleaned for a distance of 2 to 3 cm
(Fig. 1C). The serosa around the valve
segment is scored with cautery. A
rotational suture is inserted and the
ileum is then intussuscepted within the
pouch to create a nipple valve 4 cm

long (Fig. ID ). The intussusception
is further secured with several silk
sutures around the circumference of
the outlet. The pouch is completed by
folding the opened intestinal plate and
closing it in two layers (Fig. IE).
The continence of the reservoir is
tested by injecting air through a cathe
ter while the afferent limb is clamped.
On withdrawal of the catheter, there
should be no air leak. The air is re
leased from the reservoir by reinsert
ing the catheter.
The stoma site is selected in the
right lower abdominal quadrant just
above the pubic hair-line. In this
position it will be concealed by under
garments. (In several of our patients,
the original ileostomy site was used.)
The lateral aspect of the pouch is an
chored to the most lateral part of
the undersurface of the ileostomy
opening. The outlet is brought through
the abdominal wall and the pouch is
similarly anchored along its medial
aspect (Fig. IF). The ileostomy stoma
is made flush with the skin and a no.
30 French ileostomy catheter (A.B.
Medena, Kungsbacka, Sweden) is in
serted into the pouch and secured with
skin level sutures. The ileostomy ca
theter is connected to a bedside bag
by a wide-bore flexible tube.
Postoperative Management
Straight drainage from the catheter
is allowed for 8 to 10 days. It is gently
irrigated with 10 ml of saline tid
to prevent blockage. The catheter is
then clamped for gradually increasing
lengths of time until approximately
the 15th to 17th postoperative day.
The tube is then removed and the

patient taught the methods of intuba
tion and irrigation according to the
consistency of the ileostomy contents.
Initially, intubation is carried out
every 4 hours and once during the
night. The interval between intuba
tions can be increased gradually until
the pouch is emptied only three to
four times daily. Between intubations,
the stoma is protected by a small
gauze dressing or adhesive plaster to
absorb the mucus discharge.
Results

Operative Mortality and
Early Morbidity
There were no operative deaths.
None of our patients required removal
of the ileal reservoir. Early partial
or complete intestinal obstruction or
prolonged paralytic ileus occurred in
four patients. This necessitated re
exploration between the 10th and 15th
postoperative days. In three of these
patients, the obstruction was due to
dense adhesions some distance from
the ileal reservoir. In one, no cause
for the prolonged ileus was found.
In one patient a fistula developed
from the pouch to the skin. This was
due to a silk suture used to secure
the reservoir to the anterior abdominal
wall; the patient required two further
surgical procedures. Other early com
plications (wound infection in two
patients and fluid and electrolyte dis
turbance in two) were treated without
difficulty. Peritonitis and hemorrhage
from the pouch did not occur.
Late Morbidity
Sliding of the nipple valve occurred

Table 1—Indications for Conversion of a
Conventional Ileostomy in 11 Patients
Indication
No. of patients
Psychologic and sexual
difficulties
5
Peristomal skin irritation
4
Ileostomy dysfunction
2
FIG. 1—Steps in construction of ileal reservoir and “nipple valve”.
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in three patients. This complication
was easily recognized as the patients
became incontinent and intubation
became difficult. As reported by
others,'1'4"6'8 this complication usually
becomes evident within 3 months of
operation.
In two of the three patients, the
entire lateral portion of the reservoir
had become detached from the ante
rior abdominal wall. Repair was ac
complished quite easily without open
ing the reservoir. In one patient, re
pair was effected by opening the re
servoir and reintussuscepting the valve
segment. The valve was then secured
in position with four rows of staples
(Auto Suture® GIA stapler; Auto
Suture Co., Div. of United States
Surgical Corp., Norwalk, Conn.).
Prolapse of the valve occurred in
one patient. This we did not recognize
initially and the patient required two
surgical procedures for repair. Event
ually the patient’s reservoir and valve
were reconstructed using the stapling
technique already described.
In one patient a late fistula devel
oped; it was also thought to be due
to a silk suture which was used to
anchor the reservoir to the anterior
abdominal wall. This fistula healed
spontaneously for a time while the
patient was receiving parenteral ali
mentation. However, it recurred so
the reservoir was reconstructed and
the stoma relocated.
Functional Results
Although morbidity was high, none
of our patients has worn an ileostomy
appliance for any appreciable length
of time. An appliance has been used
only by patients awaiting reoperation
for sliding, prolapse or fistula. All
patients are completely continent with
regard to flatus and stool.
Follow-up ranged from 11 to 25
months (average 17 months). The re
servoir is intubated, on average, two
to four times daily depending on the
type and frequency of oral intake. In
tubation is sometimes preceded by a
sensation of fullness or a cramp in the
vicinity of the reservoir. All patients
are extremely satisfied with the out
come. There is unanimous agreement
that this type of ileostomy is much
preferred to the conventional type
with which an appliance must be
worn. None of our patients has ever
requested a return to a conventional
ileostomy. Only two patients have en
countered occasional difficulty in in
tubating the reservoir.
Discussion

Using the nipple valve principle,
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Kock3 reported that continence of
flatus and stool could be achieved
consistently in most patients. Our own
initial limited experience confirms
Kock’s findings. All of our patients
are completely continent of flatus and
stool. However, to achieve this result,
the morbidity has been considerable.
Ten of the 17 patients (59%) re
quired at least one further operation
and 3 (18%) have required two. De
spite this, no patient has required a
return to a conventional ileostomy.
All patients, but particularly those
whose conventional ileostomy was
converted to a continent ileostomy,
enthusiastically agree that the quality
of their lives has been greatly im
proved. We have been impressed with
our patients’ response to the continent
ileostomy and we confirm the great
benefits that the operation provides
when compared with the conventional
ileostomy.
The construction of a continent
ileal reservoir should be regarded as a
major intestinal operation with predic
tably high initial morbidity. Because
of this, the procedure should.be con
fined to centres in which a greater
experience can be accumulated. We
are confident that the success rate will
increase and morbidity decrease with
continued improvement in surgical
technique. Encouraged by our pa
tients’ response to the continent ileos
tomy, we have attempted to improve
our results and to decrease morbidity
by making several technical changes.
Modifications
In four patients, intestinal obstruc
tion or prolonged paralytic ileus ne
cessitated a second surgical procedure.
At that time we noted that the seg
ment of ileum for 0.3 m (1 foot) pro
ximal to the reservoir seemed to be
most involved with adhesions. This
occurred because the afferent loop
entered the reservoir from the pelvis
along the right lateral abdominal wall
(Fig. IF). Now, when the reservoir
is constructed, we place its ends
through the mesenteric leaves3,4 so that
it extends into the pelvis while the
afferent limb enters the reservoir
from the medial side (Fig. 2). This
maneuver should prevent severe kin
king of the most distal part of the
afferent limb and therefore decrease
the frequency of intestinal obstruction.
In two of our patients fistulas devel
oped from the reservoir to the skin.
Both fistulas appeared to be caused
by the silk sutures used to anchor
the reservoir to the anterior abdominal
wall. We now use polyglycolic acid

suture material for this anchoring
procedure.
Sliding of the nipple valve occurred
in three patients. In two the entire
lateral aspect of the reservoir had
come away from the anterior abdo
minal wall. We realized that the su
tures used to secure the reservoir to
the abdominal wall must incorporate
both peritoneum and rectus muscle in
order to be effective. In addition, in
order to add stability to the valve as
suggested by Steichen9 and modified
by Kock (personal communication.
October 1978), we now routinely use
three or four rows of staples. The
stapling instrument can be used
directly across the intussuscepted
mesenteric mass (Kock NG: Personal
communication, October 1978). This
should add rigidity to the nipple valve
and prevent sliding.
Complete prolapse of the nipple
valve occurred in one patient. This can
be prevented by ensuring that the
stoma site and abdominal wall defect
admit no more than one finger. To
secure the nipple valve in position,
we now use a fascial sling around the
base of the outlet.10
In addition to technical improve
ments to avoid incontinence, we have
also modified our postoperative m an
agement as suggested by Gelernt,
Bauer and Kreel4 and Kock (per
sonal communication, October 1978).
Straight drainage of the ileostomy ca
theter is now continued for 14 days.
Thereafter the catheter is occluded
for gradually increasing intervals un
til the 25th postoperative day when
it is occluded for 3 of every 4 hours.
During that week the patient is taught
to irrigate the reservoir. The catheter
is removed on the 26th postoperative
day and the patient intubates the re
servoir every 4 hours. Over the fol
lowing 4 weeks the frequency of
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FIG. 2—Afferent liinb enters reservoir
from medial aspect, preventing com
pression of this limb in pelvis.
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emptying diminishes as reservoir ca
pacity increases. On average our pa
tients empty their reservoirs two to
four times daily. By more gradual
occlusion of the ileostomy catheter
we hope to delay progressive dilat
ation of the reservoir. This should
allow the serosal portions of the intussuscepted valve and the attach
ment of the reservoir to the anterior
abdominal wall to become more
firmly adherent.
We have used these modifications
in 17 patients operated on between
Nov. 1, 1978 and Sept. 15, 1979.
There have been no operative deaths
in this group. Two patients have re
quired reoperation— one for fistula
and one for catheter perforation of
the pouch 6 weeks after discharge
from hospital. Sixteen are fully con
tinent with regard to flatus and stool.
One patient is occasionally inconti
nent of flatus during the night when
he is lying on his back. None of the

patients in this group has ever worn
an ileostomy appliance.
We conclude from our limited ex
perience that the benefits of the con
tinent reservoir ileostomy are substan
tial despite the high “start-up" costs.
Results will improve with increasing
expertise and technical improvement.
We shall therefore continue to offer
the continent ileostomy to selected pa
tients as an alternative to the conven
tional ileostomy.
The author thanks Professor N.G.
Kock for his encouragement, advice and
criticism.
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The continent reservoir ileostomy has undergone several
modifications since its inception in 1969.1 With each
modification, the rate of continence achieved has in
creased and the morbidity has decreased.1 With recent
technical changes we have obtained better results.2 The
recent modifications have been directed mainly at m ain
taining the “nipple valve” within the reservoir to prevent
sliding and incontinence.
The following is a detailed illustrative description of
our current surgical technique.

experience and evolution of the surgical technique. Can J
Surg 23: 259, 1980
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KIG- 1—Forty-five centimetres of ileum is used; 15 cm is
initially left undisturbed. A proximal 30-cm segment of ileum
is folded into two 15-cm limbs.
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FIG. 2_The limbs are sutured together with absorbable
suture along the antimesenteric border.

FIG. 3—The limbs are opened close to the sutures along
the antimesenteric border.

FIG. 4_The limbs are opened fully to create an intestinal
plate. The incision is extended along the afferent limb for
2 cm to offset the inlet and outlet.

FIG. 5—The distal ileum is then intussuscepted within the
pouch to create a “nipple valve” 4 to 5 cm long.

FIG. 6—The nipple valve is secured with three to four rows
of staples using the Auto Suture® GIA stapler (Auto Suture
Co., Div. of United States Surgical Corp., Norwalk, Conn.).

FIG. 7—The reservoir is formed by folding the opened
intestinal plate.
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FIG . 8— The reservoir is completed using tw o layers of
absorbable suture.

F IG . 9— One corner of the reservoir is passed through
the mesentery.

«

i

/

FIG . 10— The other corner is also passed through the
m esentery so that, on completion, the reservoir will extend into
the pelvis and the afferent limb will enter from the medial
aspect.

FIG . 11— A narrow strip of fascia taken from the anterior
abdominal wall is used as a sling around the outlet to further
secure the nipple valve,

fo u n g

F IG . 12— A fter continence has been confirm ed, the reservoir
is anchored to the abdominal wall along the lateral aspect of
the undersurface of the ileostomy opening.
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F IG . 13— The outlet is brought through the ileostomy open
ing in the abdominal wall and the reservoir is similarly an
chored along its medial aspect. The ileostomy stoma is made
flush with the skin.
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Oropharyngeal Sepsis with Endothoracic Spread .
A. T o ew s .I m d * ANOi A.G.
u
Two patients who had oropharyngeal
infection with extension into the
thoracic cavity through the fascial
planes were recently seen at the Health
Sciences Centre in Winnipeg. In both
instances the infection was
odontogenic.
A 5-year review of the literature
yielded 14 other cases with a similar
presentation. In most cases the
infection was odontogenic. The overall
mortality was 25% (four deaths in
16 patients). Transient deficiency of
the swallowing mechanism led to
aspiration pneumonia in 44% of the
patients. An aggressive surgical
approach and appropriate antibiotic
therapy are essential in managing
these patients. Oral intake should be
restricted and nasogastric tube
feedings should be considered to
diminish the risk of aspiration
pneumonia.
Deux patients souffrant d'une infection
oropharyngee s’etendant jusque dans
la cavite thoracique par les plans
aponevrotiques ont ete observes
recemment au Health Sciences Centre
de Winnipeg. Dans les deux cas,
I'infection etait d'origine dentaire.
Une revue de la litterature parue
sur une periode de 5 ans a revele
14 autres cas s'etant presente de la
meme facon. Dans la plupart des cas
I’infection etait d'origine dentaire.
La mortality globale a ete de 25%
(quatre deces sur 16 patients). Une
deficience transitoire du mecanisme
de degluition entraina une pneu
monie par aspiration chez 44% des
patients. Une approche chirurgicale
agressive et un traitement antibiotique
approprie sont essentiels aux soins a
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ces patients. L’alimentation par la
bouche devrait etre restreinte et
■'utilisation d’une sonde nasogastrique
envisagee afin de diminuer le risque
d’une pneumonie par aspiration.

Before the introduction of antibiotics,
quincy or peritonsillar abscess and
Ludwig’s angina (infection of the
sublingual space) carried a mortality
of around 50% , mainly due to exten
sion of the condition into the chest
cavity along the fascial planes or
obstruction of the airways. Today
these conditions are rarely seen.
However, massive suppurative mediastinitis and putrid empyema, when
they develop as a consequence of
oropharyngal sepsis, continue to re
sult in high mortality and morbidity.
Our recent experience with two
patients who had deep cervical infec
tion spreading into the thoracic
cavity prompted us to review the
literature on this uncommon, poten
tially lethal, entity.
Case Reports

Case 1
A 19-year-old man was referred to
the Health Sciences Centre, Winnipeg,
because of sepsis. Eleven days before,
while attempting to intercede in a fist
fight, he had suffered a linear fracture
in the left angle of the mandible, in
volving the alveolar process of a carious
third molar. Intermaxillary wiring, with
out removal of the carious tooth, was
carried out at another hospital and
penicillin was given orally (300 mg
q6h). Two days later, he became febrile,
had a sore throat and a pronounced
swelling of the left submandibular area.
Penicillin was replaced by ampicillin
(500 mg q6h) and cloxacillin (500 mg
q6h) and the intermaxillary wire was
removed. On admission to the Health
Sciences Centre, he complained of left
sided pleuritic pain, cervical dysphagia
and malodorous breath. There was no
past history of oropharyngeal sepsis or
thyroid disease.
The patient appeared tired and acutely
ill. His temperature was 38.7°C, pulse rate
110 beats/min, respirations 36/min and
blood pressure 108/70 mm Hg. No rash
or petechiae were evident. Purulent fluid
discharged from the area of the left
third lower molar; however, complete
examination of the oral cavity was
inadequate because the patient could
not open his mouth widely. The entire
neck was swollen, indurated and non
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fluctuant, the left submandibular area
being affected the most. On palpation
subcutaneous crepitations were felt.
There was poor expansion of the right
side of the chest and dullness on per
cussion; coarse breath sounds were
heard throughout except over the base
of the right lung. The cardiac apex was
not palpable and there was a peri
cardial friction rub. Other physical
findings were normal.
His hemoglobin value was 12 g/dl:
the leukocyte count was 24.3 X 109/l
with 32% mature neutrophils and 32%
young forms. The erythrocyte sedi
mentation rate was 100 mm/h. Elec
trolyte and blood urea nitrogen values
were normal as were the results of
urinalysis. The electrocardiogram showed
nonspecific ST-T wave changes with
normal rhythm and voltage. Roentge
nograms of the neck (Fig. 1) showed a
large air-containing soft tissue mass
anterior to the cervical spine, displacing
the trachea anteriorly. A chest roent
genogram showed a moderately en
larged cardiac silhouette, widening of
the superior mediastinal shadow, con
solidation of the lower lobe of the right
lung and a right hydropneumothorax
(Fig. 2). An echocardiogram demon
strated a moderate pericardial effusion.

FIG. I— Case 1. Lateral cervical
roentgenogram shows loss of cervical
lordosis, swelling and abnormal air in
prevertebral space with anterior dis
placement of trachea (arrow).
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Penicillin, cloxacillin and gentamicin
were given intravenously preoperatively.
Then, under local anethesia through a
subxiphoid approach, the patient’s peri
cardial cavity was drained of approxi
mately 200 ml of serous fluid. Approx
imately 2000 ml of pus was drained
from the right pleural space. During
these maneuvers, the patient aspirated
purulent material from the oropharynx.
Tracheal intubation was performed im
mediately followed by a tracheostomy
in order to prevent further tracheal
spillage. Then under general anesthe
sia, the pharynx was carefully examined;
100 ml of fetid purulent material was
drained from a fluctuant area just to
the right of the midline. When the left
third lower molar was removed 50 to
75 ml of pus drained from the perio
dontal space.
Enterobacteriaceae, anaerobic diphthe
roids, Bacteroides melaninogenicus and
Peptostreptococcus organisms were cul
tured repeatedly from the oropharyngeal
and pleural exudates. Candida albicans
was occasionally grown. The pericardial
fluid failed to grow any bacteria. Anti
biotic therapy was continued postoperatively with intravenous chloramphenicol
(4 g/d) until Klebsiella pneumoniae ap
peared in subsequent cultures; then
cephalosporin (6 g/d) was added.
High negative pressure was required
to drain the right pleural space of a
large volume of exudate (1500 ml/d)
and to control a spontaneous broncho
pleural fistula that developed 2 days
after operation, most likely a conse
quence of aspiration pneumonia. One
week after operation the patient’s tem
perature returned to normal.
Nutrition was maintained by feeding
(average 4000 Cal/d) through a small
nasogastric tube.
Ten days after the tracheostomy tube
was removed the patient could cough
and tracheobronchial cleansing became
more effective. Two weeks following
operation oral intake was attempted
but a deficient swallowing mechanism
led to tracheobronchial aspiration, so
nasogastric tube feeding was reinstituted.
A cine-esophagogram showed some
tracheal spillage and a persisting para
pharyngeal abscess cavity that extended
into the superior mediastinum (Fig. 3).
During the 4th postoperative week the
bronchopleural fistula closed spontane
ously. Effective swallowing made oral
intake possible. Chloramphenicol was
discontinued without any hematologic
evidence of bone marrow depression.
Five weeks after operation while the
patient was still taking antibiotics fever
again developed. A chest roentgenogram
(Fig. 4) showed a soft tissue density on
the right side of the superior mediasti
num and a small air-fluid level in the
right lower lung field.
Decortication of the right lung was
performed and a superior mediastinal
abscess drained. Recovery was smooth.
One month following discharge the
patient was afebrile and asymptomatic,
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and was already planning to return to
work.
Case 2
A 29-year-old man was admitted to
the oral surgery service of the Health
Sciences Centre in Winnipeg for treat
ment of a deep cervical abscess that
developed 6 days after the extraction
of two impacted wisdom teeth. Ampicillin had been given orally since the
extraction. On admission the patient
complained of bilateral submandibular
swelling and pain. Trismus, making oral
intake difficult, had been present for
3 days.
The body temperature was 38.5°C,
pulse rate 100 beats/min, respirations 18/
min and blood pressure 130/70 mm Hg.
Generalized cervical, non-pitting edema
was present, predominantly in both right
and left submandibular and submental
areas. The floor of the mouth was
edematous and the tongue was displaced
upwards. Purulent fetid material filled

FIG. 2— Case 1. Chest roentgeno
gram shows wide mediastinum and right
hydropneumothorax. Cardiac shadow is
enlarged.

the buccal cavity. There was no com
promise of the upper airway and other
findings on physical examination were
unremarkable.
His hemoglobin value was 16 g/dl
and the leukocyte count was 17.9 X
109/1 with 74% mature forms and 7%
young elements. The erythrocyte sedi
mentation rate was 95 mm/h. Measure
ment of serum electrolytes and blood
urea nitrogen gave normal values and
the results of urinalysis were normal.

FIG.
3— Case
1. Cine-esophago
gram demonstrates persistence of para
pharyngeal abscess cavity (arrow) ex
tending into superior mediastinum.

FIG. 4— Case 1. Chest roentgenogram shows soft tissue density (arrow) in
superior mediastinum; air-fluid level is present in right lower lung field.
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A chest roentgenogram disclosed no
abnormalities.
Penicillin (12 million units/d) was
given intravenously after appropriate
cultures were obtained. On the day
following admission both right and left
submandibular spaces were drained of
abundant amounts of purulent material.
Clindamycin (2400 mg/d) was added; a
week later it was changed to chloram
phenicol (3 g/d) because of the onset
of diarrhea.
Streptococcus pyogenes, Neisseria sp„
diphtheriods, Hemophilus parainfluenzae and B. melaninogenicus were cul
tured at various times.
A lateral cervical roentgenogram
taken 4 days after admission showed
loss of the lordotic curvature, increased
size of the retrotracheal space and gas
anterior to the C-5, C-6 and C-7 ver
tebrae (Fig. 5). Six days later a chest
roentgenogram showed marked widening
of the superior mediastinum (Fig. 6).
An inflammatory mediastinal process,
in continuity with the left submandi
bular area, was confirmed by gallium67 scanning (Fig. 7). The patient was
kept on the same antibiotic regimen
and improved clinically and radiologically. Fie was discharged 20 days
after admission.

D iscu ssion

The literature on mediastinitis as
it relates to oropharyngeal sepsis is
scanty. “Gibbon’s Surgery of the
Chest”1 contains only three para
graphs on mediastinitis and does not
mention acute suppuration in the
mediastinum secondary to oropharyn
geal sepsis.
Odontogenic infections can be sub
divided into mandibular and maxil
lary types. In the former, involvement
of the masseteric, submandibular,
sublingual and retropharyngeal spaces
is the rule. The latter type involves
the canine, infratemporal and tem 
poral spaces.2
The majority of complications of
oropharyngeal sepsis, due either to
hematogenous spread or direct exten
sion, are life-threatening. Suppurative
mediastinitis may progress rapidly to
death.3,4 Intracranial extension and
airway obstruction are associated with
a high mortality, despite antibiotic
therapy.5
Orofacial infection usually remains
confined but the possibility of exten
sion is always present. Bacteroides
melaninogenicus, almost always found

FIG. 5— Case 2. Lateral neck roent
genogram demonstrating loss of cervical
lordosis and gas in the pretracheal space
(arrow).

RT
FIG. 6— Case 2. Chest roentgeno
gram demonstrates mediastinal widening.
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in anaerobic cultures in intraoral in
fections, may be responsible for the
breakdown of periodontal tissue due
to the production of collagenase. The
synergism of aerobic and anaerobic
bacteria, the effect of gravity and the
severity of the septic process help
to propagate the infection along the
three major routes of communication
of the neck with the mediastinum."
The retropharyngeal space extends
from the base of the skull to the
level of the C-6 vertebra; the prevertebral and visceral fascias are the
posterior and anterior boundaries
respectively. The retropharyngal space
blends with the parapharyngeal and
perivascular spaces and continues
distally as the retroesophageal space
(Fig. 8). A study by Pearse7 showed
that the retropharyngeal space was
involved in approximately 70% of
cases of mediastinitis following cer
vical suppuration while the perivas
cular space was implicated in 21% .
The pretracheal space was found to
be the route of spread in only 8%
of such cases.
In a review of English language
publications from January 1974 to
Decem ber 1978, we found only 14
other cases of endothoracic infection
secondary to oropharyngeal suppura
tion (Table I3-4-*-8-12). In 10 of the
cases, the sepsis was odontogenic and
aspiration pneumonia was a com 
plication in 7. We postulate that
transient swallowing dysfunction, as
dem onstrated in our first case, is
responsible for the high prevalence
of this complication.
Of the 16 patients (ours included),
4 died, illustrating the serious nature
of this illness. The considerable
morbidity is shown by the prolonged
hospitalization and need for multiple
surgical procedures to accomplish
adequate cervical and thoracic drain
age in most cases (Table I).
The treatm ent of oropharyngeal

LT

FIG. 7— Case 2. Gallium-67 scan
showing inflammatory process in con
tinuity with left side o f neck and medi
astinum.
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FIG. 8— Cross-section o f neck at C-6
indicating major routes of spread of
cervical infection.
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sepsis should be based on prompt and
com plete surgical drainage. Occa
sionally the establishment of an air
way may be the first therapeutic
consideration. A cervical approach
anterior to the sternocleidomastoid
muscle, provides adequate access to
the retropharyngeal space and the
posterior mediastinum to the level of
the T-4 vertebra. Caudad to this,
thoracotomy may be needed.
In retrospect, an anterior cervical
approach should have been used
during the initial surgical manage
ment of our first case to drain the
patient’s retropharyngeal space and
posterior mediastinum.
The large volumes of fluid needed
for replacement during resuscitation
of patients with mediastinitis have
been well documented.13 The actual
am ount of fluid administered should
be controlled by the hemodynamic
measurements currently used in
clinical practice. Although identifica
tion of the responsible bacteria is
necessary for the proper selection of
chemotherapeutic agents, anaerobic
bacteria should be suspected when
ever the oral cavity is the source of
infection, and antibiotics to be ad
ministered initially may be selected
on this basis, and changed later if
indicated.14

Summary

Presentation of case. N Engl J Med
298: 894, 1978
4. H endler BH, Quinn PD: Fatal
mediastinitis secondary to odonto
genic infection. J Oral Sure 36: 308,
1978

Two patients who had oropharyn
geal infection complicated by endothoracic spread prompted us to re
view the literature over the last 5
years. Sixteen cases (including our
own)
of
intrathoracic
infection
secondary to orocervical infection
have been reported. Most cases were
secondary to odontogenic infection.
The overall mortality was 25% and
the morbidity was substantial, as
shown by prolonged hospitalization
and the need for multiple surgical
procedures to accomplish adequate
drainage. An aggressive surgical ap
proach and suitable antibiotic therapy
are essential for successful treatment.

5. D anfo rth HB: Pharyngomaxillary
space abscess. Changing concepts in
etiology. Laryngoscope 73: 1344,
1963
6. C ogan MIC: Necrotizing mediasti
nitis secondary to descending cervical
cellulitis. Oral Surg 36: 307. 1973
7. P earse HE j r : Mediastinitis follow
8.

9.

We thank Dr. J. Curran for allowing
us to include his patient (case 2).

10.
11.
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T a b l e 1— O r o p h a r y n g e a l S e p s i s - E n d o t h o r a c i c E x t e n s i o n

Age,
A u th o rs

yr

C o g a n , 19736

23

H o s p it a l
Sex
M

O r ig in o f s e p s is
O d o n t o g e n ic

B a c t e r ia

C o m p lic a t io n s

M ic r o a e r o p h ilic s t r e p t o 

sta y , d

O u tco m e

M e d ia s t in it is , e m p y e m a , p u ru le n t
p e r ic a r d itis

16

D ie d

S . a u r e u s , C it r o b a c te r sp

M e d ia s t in itis

16

R e c o ve re d

M e d ia s t in it is , e m p y e m a , p e r ic a r 

43

R e c o ve re d

c o c c u s, B a c t e r o i d e s sp ,
S t r e p t o c o c c u s sp ,
P s e u d o m o n a s sp ,
S ta p h y lo c o c c u s ,
N o r t h a n d E m a n u e l , 1 9 7 5 11

2

M

T r a u m a t i c p e r f o r a t io n

a u reu s

of p h a ryn x
H o w a r d , P r in z a n d P ic k le m a n ,
19769

23

M

O d o n t o g e n ic

B a c te r o id e s fr a g ilis

44

M

O d o n t o g e n ic

P e p t o s t r e p t o c o c c u s sp , B .

65

M

B lu n t c h e s t tra u m a ,

G r a m - p o s it iv e c o c c i

d it is , a s p i r a t i o n p n e u m o n ia
M e d ia s t in it is , a s p ir a t io n p n e u m o n ia

32

R e c o ve re d

M e d ia st in itis, re tro p h a ry n g e a l
ab sce ss

35

R e c o ve re d

16

R e c o ve re d

f r a g i l i s , b if id b a c t e r iu m
esophageal
p e r fo r a t io n
E n q u i s t , B la n c k a n d B u t le r ,
1 9 7 6 10

64

M

P h a r y n g it is

-.-h e m o ly t ic s t r e p t o c o c c u s

M e d ia s t in it is , p le u ra l e ff u s io n

63

M

O d o n t o g e n ic

p -h e m o ly t ic s t r e p t o c o c c u s

M e d i a s t i n i t i s , a s p i r a t i o n p n e u m o n ia

59

F

P e r it o n s illa r a n d

B a c t e r o id e s sp ,

M e d ia s t in it is , p e r ic a r d itis ,

H e n d le r a n d Q u in n , 1 9 7 8 4

38

M

O d o n t o g e n ic

p -h e m o ly t ic s t r e p t o c o c c u s

M e d ia s t in it is , p y o p n e u m o th o ra x

M o n c a d a a n d a s so c ia t e s, 1 97 8s

23

M

O d o n t o g e n ic

A e r o b ic a n d a n a e r o b ic

M e d ia s t in it is , e m p y e m a , p e r ic a r 

M c C u r d y , M a c In n is a n d
H a y s , 1 9 7 7 1-

1

D ie d

N o t sta te d

D ie d

S c u l l y , G a ld a b in i a n d
M c N e e l y , 19783

p a ra p h a ry n g e a l

p

-h e m o ly tic

s tr e p to c o c c u s

em pyem a

sp a c e in fe c tio n

o rg a n ism s

1

D ie d

44

R e c o ve re d

30

R e co ve re d

M e d ia s t in it is , s e p t ic e m ia , d e n t a l
ab sce ss

15

R e co ve re d

M e d ia s t in it is , e p id u r a l a b s c e s s ,

59

R e c o ve re d

M e d ia s t in itis

36

R e c o ve re d

M e d ia s t in it is , e m p y e m a , a s p ir a tio n

46

R e c o ve re d

20

R e co ve re d

d it is , a s p i r a t i o n p n e u m o n ia ,
a n e m ia

24

M

O d o n t o g e n ic

A e r o b ic a n d a n a e r o b ic
o rg a n ism s

M e d ia s t in it is , p le u ra l e ff u s io n ,
a s p ir a t io n p n e u m o n ia , a n e m ia ,
e p id id y m it is

10

M

O d o n t o g e n ic

A e r o b ic a n d a n a e r o b ic

14

F

S t a p h y lo c o c c a l

A e r o b ic a n d a n a e r o b ic

65

M

R u p t u r e d c e r v ic a l

19

M

O d o n t o g e n ic ; fra c t u re d

o rg a n ism s
fu ru n c le
e sop h agu s
P r e s e n t re p o rt

m a n d ib le

o rg a n ism s
A e r o b ic a n d a n a e r o b ic

s e p t ic e m ia , a s p i r a t i o n p n e u m o n ia

o r g a n is m s
E n te r o b a c te ria c e a e ,
a n a e r o b ic d ip h t h e r o id s ,

p n e u m o n ia , b r o n c h o p le u r a l

B a c te r o id e s m e la n in o -

fist u la , p e r ic a r d itis

g e n ic u s, P e p to s tr e p to 
c o c c u s sp
29

M

O d o n t o g e n ic

S tr e p to c o c c u s p y o g e n e s ,

M e d ia s t in it is

N e i s s e r i a s p , d ip h t h e r o id s ,
H e m o p h ilu s in flu e n z a e ,
B . m e la n in o g e n ic u s
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Fibroepithelial Tumour of the Renal Pelvis
A b *M-TOPPERCER, m d , fr c s [c ]
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From a statistical viewpoint, almost
all renal pelvic tumours may be
considered to be transitional cell
carcinomas. Only six benign pelvic
tumours have been reported in the
English literature.
The author describes one such
case. A 40-year-old woman with
recurrent cystitis was found on in
travenous pyelography to have a
mass in the right renal pelvis.
Acting on the assumption that the
mass was probably a transitional
cell carcinoma, the author performed
a nephroureterectomy. The fleshy
intrapelvic mass turned out to
be an extremely rare benign
fibroepithelial tumour.

—

'---------------------

-----------------------------------------------------------------

ferent from those reported previously
and because the lesion is extremely
rare.
Case Report

Du point de vue statistique, presque
toutes les tumeurs du bassinet
renal peuvent etre considerees
comme des cancers des cellules de
transition. Seulement six tumeurs
pelviennes benignes ont ete signalees
dans la litterature de langue anglaise.
L'auteur decrit un de ces cas.
Line femme de 40 ans souffrant
de cystite recidivante a presente
a la pyelographie une masse
du bassinet renal droit. Partant de
I'hypothese que cette masse etait
probablement un cancer des cellules
de transition, l'auteur a pratique
une nephroureterectomie. Cette
masse charnue intrapelvienne s'est
revelee une tumeur fibro-epitheliale
benigne extremement rare.

//O l ^ A /A JU A

A 40-year-old white woman under
went intravenous pyelography as part of
a routine investigation for recurrent
cystitis. A 5 X 3-cm lobulated filling
defect was seen within the pelvis of
the right kidney. Otherwise, the find
ings were normal. There was no history
of flank pain, hematuria, urolithiasis or
trauma. The patient was asymptomatic
at the time of presentation; physical
examination discovered no abnormality.
Urinalysis, leukocyte and erythrocyte
counts, erythrocyte sedimentation rate
and the SMA 16 biochemical profile were
normal. Examination of urine from the
bladder on three occasions and from the
right kidney pelvis at the time of the
right retrograde pyelography showed no
abnormal cells. Cystoscopic examination
revealed no abnormality, but right re
trograde pyelography confirmed the
findings of intravenous pyelography of
a lobulated mass within the right renal
pelvis (Fig. 1).
The patient was operated upon
through an anterior subcostal incision.
The kidney appeared normal. The renal
pelvis was slightly distended but there
was no evidence of inflammatory or
neoplastic infiltration in the wall of the
renal pelvis or adjacent adipose tissue.
There was no lymphadenopathy. A
solid, fleshy mass was palpated within

the right renal pelvis. The interior of
the pelvis was not explored; a right
nephroureterectomy was performed and
a cuff of bladder was also excised.
The gross specimen included a solid,
firm, lobulated, pinkish tumour (size
5 x 4 X 3 cm). Its pedicle, which
was about 2 mm in diameter, originated
from the wall of the lower infundibulum.
Microscopically, the tumour was covered
with normal urothelium. It was lobu
lated but without papillary formations.
The abundant stroma consisted mainly
of fibrous tissue but smooth muscle cells
were also seen. There were numerous
vascular channels and quite prominent
lymphocytic infiltration. There was no
edema of the stroma (Fig. 2).
Discussion

This tum our appears to be some
what different pathologically from
those reported previously. The tum our
in the report by Bernier, Bedard and
Narcisse1 was clearly gelatinous in
appearance,
showed
considerable
edema and did not contain smooth
muscle. The tum ours described by
Evans and Stevens,3 and the one
reported by Shucksmith,4 all had
stroma composed of connective and
m uscular elements, similar to the
tum our in this case report, but a

In July 1970, Bernier, Bedard and
Narcisse1 reported a case of a
fibroma of the renal pelvis. They
believed it was the sixth example of
this rare tumour published in the
English literature.1-5 I encountered a
similar case but did not find any
further reports of such lesions in the
English literature after 1970. Cer
tainly none has been reported by a
Canadian author since then. This
case is reported because the pathol
ogical features were somewhat difFrom the department of urology,
University of Sherbrooke Medical Centre,
Sherbrooke, PQ
Accepted for publication Aug. 26, 1979
Reprint requests to: Dr. A. Toppercer,
Parkersburg Medical Associates,
1122 Market St., PO Box 659,
Parkersburg, WV 26101, USA

FIG. 1—Right retrograde pyelogram.
Large, lobulated filling defect is clearly
visible.
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FIG. 2— Photomicrograph of tumour
showing normal urothelium, lobulation
but no papillary formation, and heavy
stroma but no edema (hematoxylin and
eosin, reduced by 50% from X150).
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prominent element of their tumours
was edema, which was not present
here. From a practical viewpoint,
all these tumours should probably be
designated fibroepithelial, in spite of
the minor pathological differences.
More important, however, is whether
the interior of the renal pelvis should
be opened during operations for pel
vic masses of unknown nature. Tra
ditionally, urologists have avoided ex
ploring the pelvis in such cases be
cause of the fear of disseminating
transitional carcinoma cells which
may become implanted in other tis
sues. The remote possibility of a
benign fibroepithelial tumour should
not persuade us to the contrary.
However, more authors6-8 advocate
exploration and local excision of
ureteral epithelial tumours regardless
of their grade. This approach, quite
different from the classic approach
of nephroureterectomy, stems from
the fact that, according to numerous
recent publications,6-8 the prognosis in

ureteral carcinoma does not depend
on the kind of procedure performed
but rather on the grade and stage of
the tumour. There is therefore no
justification in removing the entire
renal unit for pelvic tumour, if local
excision is feasible. The problem can
be solved by cytologic examination
of urine obtained directly from the
renal pelvis by retrograde cathe
terization. If the cells are benign,
exploration in situ is advocated, as
one might be dealing with a lowgrade papillary carcinoma or with a
benign fibroepithelial tumour. But
if examination shows transitional cell
carcinoma, particularly a poorly dif
ferentiated lesion, nephroureterectomy
should be performed without pelvic
exploration, as spillage of the viable,
implantable cancer cells presents a
real danger.

Primary carcinoma of the ureter: a
report of 102 new cases. J Urol 103:
590, 1970
7. Batata MA, Whitmore WF jr ,

I am indebted to Dr. Jose A. Bombi,
a visiting pathologist from Barcelona,
Spain, who made the pathological
diagnosis and encouraged publication of
this case.

Cancer 35: 1626, 1975
8. Williams CB, M itchell JP: Carci
noma of the ureter—a review of 54
cases. Br J Urol 45: 377, 1973
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Traumatic Aneurysm jof t he Popliteal Artery )
due to an dsteochondroma;of th e^em u r^
M D , F R C S [C ], F A C S f

The authors report the case of a
51-year-old man who had a false
aneurysm of the popliteal artery
caused by erosion by an adjacent
osteochondroma of the femur. The
osteochondroma was removed and the
artery repaired by end-to-end anasto
mosis. Seventeen similar cases, which
have been recorded in the past
15 years, are reviewed. These reports
emphasize the importance of surgical
repair to avoid permanent ischemic
damage to the leg and foot.

anevrisme de I'artere poplitee causee
par ('erosion d'un osteochondrome
adjacent du femur. On pratiqua
I'ablation de I’osteochondrome et
I'artere fut reparee par anastomose
termino-terminale. On passe en revue
17 autres cas similaires qui ont ete
enregistres au cours des 15 dernieres
annees. Ces rapports soulignent
I'importance de la reparation
chirurgicale pour eviter une atteinte
ischemique permanente de la jambe
et du pied.

Les auteurs signalent le cas d’un
homme de 51 ans qui avait un faux

Reports of solitary osteochondromas
causing vascular injury are becoming
more frequent. Such injuries result in
traumatic aneurysm,1-3 arteriovenous
fistulas4 and arterial thrombosis.5
The vessels most commonly in
volved are the distal superficial fem
oral or proximal popliteal arteries
where they are closely related to
exostoses of the distal shaft of the
femur. With flexion and extension of
the knee the artery may be eroded by
the spike-like exostosis resulting in an
aneurysm. The aneurysm may then

From the department of surgery.
University of Manitoba, Winnipeg, Man.
*4th year medical student, University
of Manitoba
tProfessor and head, department of
surgery, University of Manitoba
Accepted for publication May 10, 1979
Reprint requests to: Dr. A.R. Downs,
Department of surgery, University of
Manitoba, Rm. C411, Health Sciences
Centre, 700 William Ave., Winnipeg,
Man. S3E 0Z3
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become thrombosed or may rupture
threatening the vascular integrity of
the leg, as described below.
Case Report
A 51-year-old man was admitted to
the Health Sciences Centre of the Uni
versity of Manitoba in Winnipeg com
plaining of severe pain behind the left
knee. Except for a 1-year history of
hypertension he had been well until 5
weeks before admission. He had jumped
from a tractor and after walking a
short distance experienced a sharp pain
behind the left knee. Over the next week
he had noted swelling and discoloration
of the left thigh. He was treated by his
physician for possible infection of soft
tissue. The pain subsided over the next
3 weeks but 2 weeks before admission
became severe again. This time his
physician found a pulsating mass in the
left popliteal fossa.
On admission a large pulsating mass
was noted in the distal part of the left
popliteal fossa. A loud bruit was audible
over the mass. The posterior tibial pulse
was normal but the left dorsal foot
pulse was absent. The left calf was

THE CANADIAN JOURNAL OF SURGERY

false aneurysm was found. An osteo
chondroma of the medial aspect of the
femur was present in the false aneurysm
opposite a hole in the popliteal artery,
just distal to the adductor hiatus (Fig.
2). The cap of the osteochondroma was
cartilaginous and the base was bony.
The opening in the artery measured
3 mm. The osteochondroma had eroded

slightly swollen and tender. The find
ings on neurologic examination were
within normal limits. Left femoral ar
teriography demonstrated a 9 X 5-cm
aneurysm arising from the popliteal
artery at the level of the adductor
hiatus (Fig. 1). The artery was smooth
in outline and there was no sign of
other arterial disease. There was a sug
gestion of alteration of trabecular pat
tern in the femur at this level.
Six days after admission the left subsartorial canal was explored and a large

FIG. 1—Preoperative arteriogram.
White arrow shows false aneurysm. Black
arrow shows trabeculations at site of
osteochondroma.

into the artery resulting in the false
aneurysm. The femoral vein was intact.
The segment of the artery containing
the aneurysm was excised and continuity
restored by end-to-end anastomosis.
The osteochondroma was removed to
the shaft of the femur. An angiogram
demonstrated good distal vessels and a
normal artery at the site of repair. The

FIG. 2— Intraoperative photograph demonstrating defect in popliteal artery
(lower arrow) and osteochondroma of femur (upper arrow).

Table I— Reported Cases— Summary of Preoperative Findings and Treatment
Age,
yr

Sex

Paul, 19537

22

IVI

False aneurysm

+

Hudson, 1955s
Stevenson and Zuska, 19579
Lesser and Greeley, 19584

14
23
14

M
IVI
IVI

+
+
+

11419
17
15
9
34
26
15
19

IVI
IVI
IVI
F
IVI
IVI
IVI
IVI
IVI

False aneurysm
False aneurysm
Arteriovenous
fistula
False aneurysm
False aneurysm
False aneurysm
False aneurysm
False aneurysm
False aneurysm
False aneurysm
False aneurysm
False aneurysm

Cassie, Dawson and Sheville, 197514
Hovelius, 197515
Han and associates, 1977s

14
17
15

IVI
IVI
IVI

False aneurysm
False aneurysm
Arterial thrombosis

Shah,197816
Israels and Downs, present study

16
51

IVI
IVI

False aneurysm
False aneurysm

Authors

Denman and associates, 195910
Anastasi, Wertheimer and Brown, 1963
Fisher and Jackson, 196412
Clark and Keokarn,19651
Masson and Pullan, 19662
Mukerjea, 19673
Hershey and Lansden, 197213

+ = present,

0=

Lesion

Swelling

+

+
+
+
+

0

+
+
+

+
+
+
+
+

Pulsation

Bruit

0
0
+
+

0

+

+

0
0
0
+
0
+

0
0
+
+

0

+

+

0
0
0

+
+
+

Periphera
pulses

0
0
+
0

+
+

+
+
+

0
0
?

+

0
0
0

0
0
0

+
+

+
+

+
+

+

7

0

1

Treatment
Resection and end-to-end
anastomosis
Repair with sutures
Repair with sutures
End-to-end anastomosis

End-to-end anastomosis
Repair with sutures
Saphenous vein patch graft
Repair with sutures
Ligation
Arterial homograft
Repair with sutures
Repair with sutures
Resection and end-to-end
anastomosis
Repair with sutures
Repair with sutures
Arteriotomy and removal
of thrombus
Repair with sutures
Resection and end-to-end
anastomosis

absent.
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postoperative course was smooth ex
cept for mild edema of the left leg.
All pedal pulses were palpable. The
pedal pulses were still normal 2Vi years
after the operation. The aneurysm has
not recurred.

5. H an SK, H enein MHG, N ovin N ,

6.
7.

Discussion
Osteochondromas are probably de
velopmental malformations that pro
trude from the outer contour of bone
and are usually capped by growing
cartilage. They may occur singly or
as multiple exostoses. The isolated
lesion is found most often on the
lower metaphysis of the femur.6
A search of the literature revealed
17 cases of osteochondroma of the
femur associated with vascular com
plications (Table I1-5,7'16). Fifteen pa
tients presented with false aneurysms,
1 with an arteriovenous fistula and 1
with arterial thrombosis and acute
ischemia. In six patients peripheral
pulses were absent indicating some
degree of ischemia; this emphasizes
the importance of repair to prevent
permanent ischemic damage to the
leg and foot. The appearance of the
arterial defect suggests that it is the
result of prolonged pressure and
wear. The actual disruption of the
false aneurysm is an acute event often
related to trauma.
Surgical management should in
clude control of the femoral artery
proximally. The defect is usually
limited and with adequate mobiliza
tion of the artery an end-to-end
anastomosis can be accomplished.
During arterial occlusion the patient
should receive 5000 units of heparin.
Intraoperative angiography after com
pletion of the repair is desirable. In
most cases continuity can be restored
with return of normal circulation.
Satisfactory results were obtained in
all of the reported cases with one
exception in which claudication re
turned due to obstruction of the
graft.2
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considered when in the opinion of the physician, the
expected benefit outweighs the potential risks.
(Reports indicate that chlorhexidine acetate 0.1 %
solutions have been used on body area wounds of up to
50% without ill effect). The dressing is to be applied
directly to the wound surface, one layer only, with
forceps, under sterile conditions.
Duration of administration will range from a few days
to several months in extreme cases, depending upon
the nature and severity of the wound. Treatment
should be continued until satisfactory healing has
occurred or, until the wound site is ready for grafting.
The drug should not be withdrawn from the therapeutic
regimen while there remains the possibility of infection
unless overt infection occurs, requiring specific alter
native therapy, or a significant adverse reaction
occurs.
BACTIGRAS should be stored flat under controlled
room temperature (15°-25°C).
DOSAGE FORMS

BACTIGRAS Tulle Gras is presented as a gauze of
leno weave impregnated with yellow soft paraffin BP
containing 0.5% chlorhexidine acetate BPC. Each
sterile dressing is sealed separately in a foil laminated
pack. Dressings are available in 5 cm x 5 cm , 10 cm x
10 cm and 15 cm x 20 cm sizes. Cartons contain 10 or 50
individually wrapped sterile dressings.
Product Monograph available on request.
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Why pay
more when
you don’t
have to?
Bactigras tulle gras contains chlorhexidine.
It’s bactericidal against a wide range of gram
positive and gram-negative bacteria, including
many that are resistant to antibiotics.
And unlike antibiotics, it cannot contribute to
the development of resistant strains.
Yet Bactigras costs much less than antibiotic
tulle gras dressings, and is available in a
wider range of sizes.
So if you would rather pay less for more,
switch to Bactigras.
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Blue Rubber Bleb Nevus Syndrome
M R. B elsheim ,

md, frcp [c]* and\S.N.

A/-e \J i x
A 26-year-old man presented with
chronic iron deficiency anemia. The
presence of cutaneous lesions typical
of the blue rubber bleb nevus
syndrome led to the radiologic and
endoscopic documentation of gastro
intestinal hemangiomas. This is the
first Canadian case report of this
rare syndrome. A review of the 26
cases reported to date illustrates the
difficulties involved in management.
For the present, conservative
treatm ent is recommended.
Un homme de 26 ans se presenta
en consultation avec une anemie
ferriprive chronique. La presence de
lesions cutanees typiques du syndrome
de Bean mena a la demonstration
radiologique et endoscopique
d'hemangiomes gastro-intestinaux.
C'est le premier rapport canadien de
ce syndrome rare. L’etude des 26 cas
signales a ce jour illustre les difficultes
du traitement. Pour I'heure, un
traitem ent conservateur est
recommande.

The blue rubber bleb nevus syndrome
is an unusual form of hemangioma
cutis in which cavernous angiomas
of the gastrointestinal tract and at
other sites can be inferred from
typical skin lesions. We report the
case of a patient with this syndrome
who presented with chronic iron
deficiency anemia. Endoscopic and
radiologic evidence of diffuse vas
cular anomalies in the gastrointestinal
tract illustrate the difficulty of m an
agement. We briefly review the per
tinent literature and recommend
conservative treatment pending the
development of endoscopic cautery
techniques.

K\

Sullivan, ‘^ d, FRCP[c]f

rn fjnV g d

chronic (lifelong) anemia. At the age
of IV2 years and again at 8 years the
patient had been hospitalized and had
received transfusion for what was de
scribed as “bleeding hemorrhoids”. On
each occasion he had had a “hemor
rhoidectomy” and during the second
admission was told that “polyps” had
been seen on the gastrointestinal roent
genograms. After the second admission
he suffered from chronic anemia which
responded poorly to oral and intramus
cular iron therapy. The hemoglobin
value was rarely more than 10 g/dl
despite the addition of vitamin B12 and
folic acid to his therapeutic regimen.
There was no familial bleeding tendency
and the patient had undergone several
minor surgical and dental procedures
without bleeding problems. Four to six
times a year he had abdominal cramps
associated with bright red rectal bleed
ing; the blood was either admixed with
the stool or followed defecation. The
patient also had recurrent episodes of
melena, although he could not always
distinguish between iron staining of the
stool and melena.
On physical examination splenome
galy was easily detectable. On careful
examination of the skin, typical blue
rubber bleb nevi were found on a
finger, a toe (Fig. 1), the sole of one
foot (Fig. 2), the inner aspect of his
lower lip and on the shaft of his penis.
The patient confirmed that these lesions
had been present since birth, but they
had not previously been documented.

No members of his family were known
to have such lesions.
Though of differing size, all lesions
were deep blue, blood filled, thin walled
sacs which were partially compressible
and which refilled quickly after com
pression. The skin lesions were asymp
tomatic; pain, sweating or spontaneous
rupture had not troubled the patient.
He could recall only one instance of
extragastrointestinal blood loss, when
the foot lesion bled profusely after
injury.
Investigations to document the pre
sence of noncutaneous angiomas were
undertaken. The findings on upper gas
trointestinal series and small bowel
follow-through were reported as normal,
but on upper panendoscopy five lesions
ranging in diameter from 1 mm to 5
mm were seen in the stomach (Fig. 3).

FIG. 2—Type 2 lesion on sole of
right foot. This was largest cutaneous
lesion seen.

Case Report

A 26-year-old white man was ad
mitted to hospital for investigation of
From the department of gastroentero
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FIG. 1—Type 3 lesion on second toe
of right foot.
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FIG. 3— Lesion in mid-body of
stomach. Note similarity to lesion in
Fig. 2.
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A single, large, 1.5-cm lesion was found
in the second part of the duodenum
(Fig. 4). Roentgenography after a barium
enema gave normal results, but on
colonoscopy a 2-mm lesion was seen
in the mid-transverse colon, and another
lesion of similar size was noted 10 cm
from the anal margin. Just inside the
anal verge was a vascular bleb approx
imately 0.5 cm in diameter. Superior
mesenteric angiography revealed an area
“compatible with a region of abnormal
vasculature” in the mid- to lower
jejunum.

sions.1,2’4,7 In one case an affected
3. F retzin DF, P otter B: Blue
rubber bleb nevus. Arch Intern Med
woman reported swelling and pain
116: 924, 1965
in the lesions in association with
4. R ice JS, F ischer DS: Blue rubbermenstruation.2 Calcification has been
bleb nevus syndrome. Generalized
reported in large skin nevi in one
cavernous hemangiomatosis or ven
patient.5
ous hamartoma with medulloblas
toma of the cerebellum: case report
The usual clinical presentation is
and review of the literature. Arch
that of chronic iron deficiency
Dermatol 86: 503, 1962
anemia due to blood loss from the
5. N akagawara G, A sand E, K imura
gastrointestinal tract. Bleeding may
S, et al: Blue rubber bleb nevus
occur elsewhere and patients have
syndrome: report of a case. Dis
Colon Rectum 20: 414, 1977
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6. S mart RH, N ewton D E: Heman
turia, epistaxis, hemoptysis and
gioma of the penis with blue rubbermenorrhagia. One report documented
bleb nevus syndrome. J Urol 113:
Comment
thrombocytopenic phenomena from
570, 1975
7. B utterworth T, Srean LP: Clin
The blue rubber bleb nevus syn sequestration platelets in numerous
ical Genodermatology, Williams &
skin lesions,3 and another documented
drome was named and described in
Wilkins, Baltimore, 1962, pp 121Mafucci’s
syndrome
(dyschondro1958 in William Bean's classic mono
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plasia
and
hemangiomas)
coexisting
graph “Vascular Spiders and Related
8. W alshe MM, E vans CD, W arin
RP: Blue rubber bleb naevus. Br
Lesions of the Skin”.1 The disting in a patient whose syndrome was
otherwise classic.2
Med J 2: 931, 1966
uishing features of the syndrome are
The blue rubber bleb nevus syn
9. Berlyne GM, Berlyne N: Anae
bluish vascular nevi of the skin with
mia due to “blue-rubber-bleb” naevus
drome has been described both as
the consistency of rubber nipples,
disease. Lancet 2: 1275, 1960
developmental4
and
hereditary.2,8'1
0
In
and gastrointestinal hemorrhages. In
10. F in e RM, D erbes VJ, C lark WH
addition to subcutaneous and intra- one patient, inheritance has been
j r : Blue rubber bleb nevus. Arch
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Dermatol 84: 802, 1961
cutaneous locations, lesions have
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therapeutic
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tein FE, et al: Electrosurgical treat
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ment of experimental bleeding ca
anus,1-2 liver1,4 and glans penis.6 Three
Although many of the reported
nine gastric ulcers: development and
types have been described: type 1, a
patients have been operated upon for
testing of a computer control and a
large disfiguring cavernous angioma
better electrode. Gastroenterology
recurrent gastrointestinal hemorrhage,
that may increase in size and obstruct
74: 527, 1978
these have not been reported in
vital tissue; type 2, “blue rubber
nipple” covered with thin skin that follow-up.5 One author5 has suggested
that the bowel lesions may undergo BOOKS RECEIVED
is compressible and rapidly refills;
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To lower
blood pressure
during
anesthesia
for selected
surgical
procedures

Ni pride

reduces excessive
blood loss

Precautions

for controlled hypotension during anesthesia
Rx Summary
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection.
Indications
'Nipride' is indicated for producing controlled hypotension during
anesthesia to reduce bleeding in surgical procedures where deemed
appropriate. Benefit-risk ratio should be carefully considered on an
individual basis.
Contraindications
In the treatment of compensatory hypertension, e.g. arteriovenous
shunt or coarctation of the aorta. It is also contraindicated in physically
poor-risk patients (A.S.A. Risk 5), in patients with uncorrected anemia
or hypovolemia or in those with known inadequate cerebral circulation.
In patients with liver disease, severe renal disease, Leber’s optic
atrophy and disease states associated with vitamin B12 deficiency.
Warnings
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection. Infusion rates
greater than 8 fig/kg/minute are virtually never required. If at this
rate an adequate reduction in blood pressure is not obtained within
10 minutes, administration of ‘Nipride’ should be stopped.
Fatalities due to cyanide poisoning have occurred following sodium
nitroprusside administration. One factor is common to all known
cases, namely that large amounts of nitroprusside were infused at
high rates. Since detoxification relies upon enzymatic action, the
rare possibility of deficient or atypical enzymes occurring in humans
should always be considered. Patients most apt to run into difficul
ties are those who are resistant to the hypotensive effect or those
in whom maintenance at the selected blood pressure level is difficult
or impossible.
Constant attention to the patient's dose-response characteristics
is mandatory. If infusion rates are in excess of 8 fig/kg/minute deter
mine the nature of the response (effective constant response at
higher dose; tachyphylactic; resistant - none or less than expected).
As soon as either tachyphylaxis or resistance is determined the infu
sion of ‘Nipride’ should be discontinued immediately. In abnormal
responders it has been noted that metabolic acidosis may occur
at higher doses.
Caution should be exercised in using 'Nipride' in patients with hypo
thyroidism or severe renal impairment.
Blood levels of thiocyanate should be determined if treatment is to
be extended especially in patients with severe renal dysfunction.
As long as blood thiocyanate levels do not exceed 10 mg /100 ml, it is
probably safe to continue with the infusion. Peritoneal dialysis can
be helpful if too high levels of thiocyanate are found.
Hypertensive patients are more sensitive to the intravenous effect
of sodium nitroprusside than are normotensive subjects. Patients
receiving concomitant antihypertensive medications (especially
hydralazine or hexamethonium) are more sensitive to the hypotensive
effect of sodium nitroprusside and the dosage of ‘Nipride’ should
be adjusted downward accordingly.
The following Warnings apply to the use of ‘Nipride’ for controlled
hypotension during anesthesia:
1. Extreme caution should be exercised in patients who are especially
poor surgical risks (A.S.A. class 4 and 4E).
2. Tolerance to blood loss, anemia and hypovolemia may be dimin
ished. If possible, preexisting anemia and hypovolemia should be
corrected prior to employing controlled hypotension.
3. Hypotensive anesthetic techniques may alter pulmonary ventilation
perfusion ratio. Patients intolerant of additional dead air space
at ordinary oxygen partial pressure may benefit from higher oxygen
partial pressure.
4. Resistance and tachyphylaxis occur more frequently in normoten
sive patients infused with sodium nitroprusside. Induction of delib
erate hypotension in healthy young individuals may prove to be
more difficult than in other segments of the population.
5. Upon discontinuance of the sodium nitroprusside infusion for the
purpose of controlled hypotension during anesthesia a rebound
hypertension has been observed on rare occasions.

Adequate facilities, equipment and personnel should be available
for frequent and vigilant monitoring of blood pressure. When the infu
sion is slowed or stopped, blood pressure usually begins to rise imme
diately and returns to pretreatment levels within one to ten minutes.
It should be used with caution and initially in low doses in elderly
patients, since they may be more sensitive to the hypotensive effects
of the drug.
If, in the clinical situation, stress induced by pain or manipulation
is reduced or eliminated during ‘Nipride’ infusion, the patient could
experience a greater than expected reduction in blood pressure
unless the rate of infusion is adjusted downward as required.
'Nipride' tends to deteriorate in the presence of light. Therefore, the
infusion bottle should be wrapped with aluminum foil or other opaque
material. Solutions of 'Nipride' should not be kept or used longer
than four hours. 'Nipride' in aqueous solution yields the nitroprusside
ion, which reacts with even minute quantities of a wide variety of
organic and inorganic substances to form usually highly coloured
reaction products (blue, green or dark red). If this occurs, the infusion
should be replaced as quickly as possible.
Adverse reactions
Nausea, retching, emesis, diaphoresis, apprehension, headache,
restlessness, agitation, muscle twitching, retrosternal discomfort and
chest pain, palpitations, dizziness, faintness, weakness, rash, abdo
minal pain, confusion and somnolence have been noted with too
rapid reduction in blood pressure. These symptoms rapidly disap
peared with slowing of the rate of infusion or temporary discontinua
tion of infusion and did not reappear with continued slower rate
of administration.
Irritation of the injection site may occur. Methemoglobinemia and
one case of hypothyroidism following prolonged therapy have been
reported.
Dosage and administration (for controlled hypotension)
Use of ‘Nipride’ in anesthetized normotensive patients undergoing
deliberate hypotensive surgery must be restricted to carefully
selected cases. There is a possibility of an abnormal response
occurring in normotensive patients. In this event, the infusion of
‘Nipride’ should be discontinued immediately. (See Warnings).
The contents of a 50 mg 'Nipride' vial should be dissolved in 3 ml
of sterile dextrose in water without preservatives. No other diluent
should be used. Depending on the desired concentration, all of the
prepared stock solution should be diluted in 500 or 1000 ml of 5 per
cent sterile dextrose in water and promptly wrapped in alurninum
foil or other opaque material. Both stock solution and infusion solu
tion should be freshly prepared and any unused portion discarded.
The freshly prepared solution for infusion has a very faint brownish
tint. If it is highly coloured, it should be discarded. (See Precautions).
The solution should not be kept or used longer than four hours from
initial reconstitution. The infusion fluid used for the administration
of ‘Nipride’ should not be employed as a vehicle for simultaneous
administration of any other drug.
Nipride’ dosage varies considerably from patient to patient, hence
the need for individual titration. The infusion should be started at
the lower dosage range, 0.5 /xg/kg/m inute and increased by
0.2 /xg/kg/minute every 5 minutes until the desired reduction in
blood pressure is obtained. The blood pressure usually starts to drop
immediately or at least within a few minutes. Continuous monitoring
of the blood pressure is necessary. Blood pressure should not be
allowed to drop at too rapid a rate and systolic pressure should not
be lowered below 60 mm Hg.
Infusion rates greater than 8 /xg/kg/m inute should rarely be used.
The maximum recommended dose is 800 /xg/minute.
'Nipride' should be administered by an infusion pump, micro-drip
regulator or any similar device that will allow precise measurement
of the flow rate. Avoid extravasation. The rate should be adjusted
to maintain the desired hypotensive effect, as determined by frequent
blood pressure determinations.
For the use of ‘Nipride’ in the treatment of hypertensive crises please
refer to the Product Monograph.
Supply
‘Nipride’ is supplied in 5 ml amber-coloured vials containing the
equivalent of 50 mg sodium nitroprusside for dilution with 5 percent
sterile dextrose in water (available in packages of 10).
Product Monograph available on request.
* Reg. Trade Mark for sodium nitroprusside 'Roche'
®Reg. Trade Mark

Can. 8042

(sodium nitroprusside)

Usage in pregnancy
The safety of 'Nipride' in women who are or who may become preg
nant has not been established; hence, it should be given only when
the potential benefits have been weighed against possible hazard
to mother and fetus.
Usage in children
The safety of ‘Nipride’ in children has not been established. Clinical
experience is limited.

Hoffm ann-La Roche Limited
Vaudreuil, Quebec
J7V 6B3
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Clinical Audit of Surgery in a Large(feaching/Hospitals
r R J W. B lanchard ^ m d , facs , fr c s [c ] and ( a R. D o w n / m d , facs , fr c s [c ]

P r a c tic a l p e e r re v ie w by m e a n s o f a
c lin ic a l a u d it re q u ire s c o m p le te
d o c u m e n ta tio n , c r it ic a l a s s e s s m e n t and
o p e n d is c u s s io n o f d if f ic u lt ie s or
e rr o rs in pa tien t m ana ge m e nt. The
q u a lity o f care in a la rg e s u rg ic a l
d e p a rtm e n t w as m o n ito re d u sin g
w e e k ly on-the-w ard c a p tu re of c o m 
p lic a t io n s and im m e d ia te fe e d b a c k to
in v o lv e d su rg e o n s. R e tro s p e c tiv e p e e r
re v ie w o f su rg ic a l d e a th s ju d g e d the
p r o c e s s o f patient c a re in th re e
c a t e g o r ie s — tre atm e nt, in v e s tig a tio n
an d d o c u m e n ta tio n ; fe e d b a c k w a s a ls o
p ro v id e d . Seven o f the 10 s u rg ic a l
s e r v ic e s each c o lle c te d m o rb id ity data
fo r a t le a s t 40 w e e k s in 1976 and
44 w e e k s in 1977. In 1978, 8 o f th e 10
s e r v ic e s c o lle c te d data fo r 50 w e e k s
o r m o re . The n um ber of p a tie n ts
re v ie w e d w as 3520 in 1976, 4509 in
1977 a n d 5473 in 1978. O f th e se , 822
(23% ) h a d c o m p lic a tio n s in 1976,
703 (1 6 % ) in 1977 and 918 (17% )
in 1978. In 1976, 260 p a tie n ts d ie d ;
th e q u a lit y of c a re w a s c o n s id e re d to
h a v e b e e n adequate in 67% . In 1977,
278 p a tie n ts died; in 76% th e m an
a g e m e n t w as c o n s id e re d a d e q u ate .
In 1978, 231 p a tie n ts d ie d ; in 68%
m a n a g e m e n t w a s s a tis fa c to ry .
T h is c lin ic a l a u d it s y s te m is s u ita b le
f o r c o m p u te r p ro g ra m m in g and can
p r o v id e a co m p le te and a c c u ra te
re p o rt o f the e n tire s p e c tru m o f
c o m p lic a tio n s .
La r e v is io n p ra tiq u e d e s a p titu d e s
d e s m e m b re s d'u n s e r v ic e m e d ic a l
p a r u n c o n se il d e m e d e c in s au m oyen
d ’u n e v e rific a tio n c lin iq u e e x ig e d e s
d o s s ie r s co m p le ts, une e v a lu a tio n
c r it iq u e e t une d is c u s s io n tra n ch e
d e s d iffic u lte s e t d e s e rre u rs
re n c o n tre e s d a n s le tra ite m e n t d e s
p a tie n ts . La q u a lite d e s s o in s d a n s un
im p o rta n t s e rv ic e de c h iru r g ie a e te
c o n t r o le e par une re c h e rc h e hebdom a d a ire , dans le s e rv ic e , d e s
c o m p lic a tio n s s u iv ie d ’un ra p p o rt

From the department of surgery,
University of Manitoba and Health
Sciences Centre, Winnipeg, Man.
Accepted for publication Oct. 18, 1979
Reprint requests to: Dr. R.J.W.
Blanchard, GF310 Genera! Centre,
700 William Ave., Winnipeg, Man.
R3E 0Z3
278

im m e d ia t aux c h iru rg ie n s im p liq u e s .
U n e re v is io n re tro s p e c tiv e p a r un
c o n s e il de m e d e c in s d e s d e c e s
c h iru rg ic a u x porta un ju g e m e n t s u r le
p r o c e s s u s de s o in s au x p a tie n ts s e lo n
t r o is c rite re s : le tra ite m e n t, l ’e n q u e te
s c ie n t ifiq u e e t la d o c u m e n ta tio n ; un
ra p p o rt fu t e g a le m e n t re m is aux
c h iru rg ie n s . S e p t d e s 10 s e r v ic e s
c h iru rg ic a u x c o m p ile re n t d e s d o n n e e s
s u r la m o rb id ity pe n d an t au m o in s
40 se m a in e s en 1976 e t 44 se m a in e s
e n 1977. En 1978, 8 s e r v ic e s su r 10
c o m p ile re n t d e s d o n n e e s pend ant
50 s e m a in e s ou p lu s. Le n om bre de
p a tie n ts re v is e s fu t de 3520 en 1976,
de 4509 en 1977 e t de 5473 en 1978.
D e ceux-ci, 822 (23% ) e u re n t d e s
c o m p lic a tio n s en 1976, 703 (16% )
e n 1977 e t 918 (17% ) en 1978.
En 1976, 260 p a tie n ts m ou ru ren t;
la q u a lite d e s s o in s fu t c o n s id e re e
a d e q u ate d a n s 67% d e s cas.
En 1977, 278 p a tie n ts d e c e d e re n t;
d a n s 76% d e s ca s, le s s o in s fu re n t
c o n s id e re s s a tis fa is a n ts . En 1978,
231 p a tie n ts d e c e d e re n t, da n s 68%
d e s c a s le s s o in s fu re n t s a tis fa is a n ts .
C e s y s te m e de v e r ific a tio n d e s
d o s s ie rs c lin iq u e s s e p re te au
tra ite m e n t p a r o rd in a te u r e t p e u t
o f fr ir un ra pp ort c o m p le t e t p re c is
du s p e c tre e n tie r d e s c o m p lic a tio n s .

How may the medical profession
assure itself and its community that
the highest possible standard of med
icine is being practised at reasonable
cost? Peer review by clinical audit is
increasingly being accepted as a
necessary addition to the traditional
professionalism and personal concern
of individual clinicians.
Clinical audit is an evaluation of
the quality of medical care. It re
quires accurate documentation, ade
quate sampling, educated reviewers
(auditors) and appropriate feedback
to the clinicians being audited and
to those responsible for standards of
care. Audit may be based upon ex
plicit criteria or implicit standards.
It may assess “outcome” (what re
sulted from treatment) or “process”
(the specifics of how care is pro
vided). Finally, audit may be concur
rent or retrospective.
Growing experience with attempts
to improve clinical audit have un
covered a number of problems.
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• Documentation is often inade
quate in scope and precision.
• The process of auditing may
modify physician behaviour, making
it difficult to prove whether auditing
results in better care.
• Simple criteria for assessing
standards cannot be defined for pa
tients with multisystem disorders.
Recognizing this, the authors of the
American
College
of
Surgeons
Guidelines for screening observed
that “the guidelines for screening
must be related to many factors which
can only be assessed by a group of
peers at the level of practice”.1
Because of these difficulties, clin
ical review has usually examined
specific complications, such as surgi
cal wound infections,2’3 or analysed
complications of a specific treatment,
such as those considered in the co
operative antibiotic diarrhea study.4
The report by Devitt5 concerning
breast operations and that of DeRouville6 on biliary tract surgery are
also examples of this approach.
Another approach has been to ex
tract information concerning quality
of care from analysis of doctors’
claims to third party insurers, as is
illustrated by the following quotation:
In Canada, a very sophisticated claims
analysis of all doctors’ accounts by each
provincial health insurance commission
has given rise to the assertion in at least
three provinces that a skilled appraisal
of claims can provide evidence of the
quality of care being provided. For ex
ample, a gynecologist performing three
times the provincial average of hysterec
tomies per year, apart from costing the
community an excessive amount of
money, could well be practising bad
medicine.7

While this type of analysis may
serve to indicate potential problems,
it is of value only where there is a
systematic defect. It relates especially
to utilization and may, in fact, bear
no relation to actual quality of care.
Moreover, it is a system to which the
medical profession has little or no
access. In analysing all of the claims
data in the New Mexico peer review
system from 1971 to 1973, Brook
and Williams8 reported that the sys
tem detected defects only in the
use of injections, which was 1 of
11 factors evaluated. Dyck and asso-
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dates9 found a large number of hys
terectomies performed for diagnoses
considered to be unacceptable as an
indication for that procedure. During
the period of their review the total
number of hysterectomies fell and the
proportion of “unjustified” hysterec
tomies declined from 23.7% to 7.8%
after 2 years of surveillance. This
exemplifies the modifying effect that
peer review may have on use of pro
cedures and possibly on the quality
of care.
Kessner10 described a technique for
studying both process and outcome
data in ambulatory care using “tracer
conditions”. However, he pointed out
that “one must be cautious in inter
preting the overall quality of medical
care on the basis of management of
tracer problems”.
While these several approaches are
useful in analysing the effect of a
specific treatment or the prevalence
of a single complication, they do not
provide information that would ident
ify hazardous operations, the relative
frequency of various complications
and the relative success of various
surgeons covering the whole range of
surgical conditions and treatment. We
could not find reports giving acrossthe-board analysis of all complica
tions. As an extension of its profes
sional activity study (PAS), the Com
mission on Professional and Hospital
Activities (Ann Arbor, Michigan)
recently introduced its quality assur
ance monitor (QAM) to provide
a retrospective evaluation of the
quality of care. However, the sys
tem does not have input data that
permit one to identify which com
plications are related to a given oper
ation in patients who undergo more
than one operation during a single
admission. Thus, in scanning for com
plications of gastroscopy, wound in
fection might be included because a
patient who had had gastroscopy also
underwent gastric resection which
was followed by a wound infection.
Retrospective analysis using infor
mation from the admission and sep
aration form of the permanent hos
pital chart is imprecise because com
plications are not identified as such
on these forms. Hence, in a patient
signed out as having had a cholecys
tectomy with the diagnoses of biliary
colic and pneumonia, the pneumonia
may have been an associated condi
tion or it may have been a complica
tion. Without on-the-ward identifica
tion of complications, it is impossible
later to identify complications, unless
one reads the entire chart, which may
also be unsatisfactory.
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This is the report of our developing
program to provide quality assess
ment of in-patient care in a large
teaching surgical department. In order
that a departmental review of com
plications and quality of care be
successful, the following principles
have been found by experience, or
have been deduced, to be essential:
1. Review of the surgeons’ practice
must be made by their peers in the
first instance.
2. Every death following surgery
must be examined in depth.
3. The first stages of review should
involve the surgeons actually caring
for the patient.
4. Records and correspondence
concerning the audit should be con
fidential and protected from court
subpoena in order to allow candid
and frank discussion.
5. Review of morbidity should be
concurrent in order to benefit the
patients being reviewed and to pro
vide complete capture of complica
tions.
6. The educational aspect of re
view is to be recognized as the pri
mary means of improving patient
care. Clinical audit should produce
behavioural change in clinicians
through education, discussion and
heightened awareness concerning the
audit rather than by confrontation.
Should inadequate performance per
sist, however, specific measures must
be taken to upgrade the performance
of or to remove the offender.
7. A comprehensive analysis of
problems must be made at regular
intervals to detect any systematic def
iciency and to give an overall view
of the incidence of complications
compared with other units and other
time periods.
8. The system must truly be effec
tive in pointing out deficiencies to
those concerned so that cynicism and
complacency do not arise.
These principles were applied to
the review of both morbidity and
mortality in the department of sur
gery at the Health Sciences Centre
in Winnipeg under the supervision of
the surgical standards committee
which consists of nine members ap
pointed from several services by the
head of the department. Despite the
key activities of the committee, re
sponsibility for quality of patient care
resides with the head of the depart
ment. Moreover, responsibility for the
quality of care on each service re
mains delegated by the head of the
department to the chief of that serv
ice. The surgical standards commit
tee does not exert authority at any

level, but assists the head of the de
partment and service chiefs in detect
ing problems, collating data and en
couraging an attitude of concern. The
program of the committee requires
the services of one secretary in co
operation with the resources and sys
tems of the department of medical
information.
Morbidity R eview

Morbidity review has been both
concurrent and retrospective. Concur
rent review was systematized by the
use of a weekly log listing every pa
tient on the service, the date and
type of operation and any com
plications that occurred. This was
facilitated by providing a separ
ate “audit sheet” for each patient.
The audit sheet serves as an amend
able worksheet that can be corrected
or replaced as required (Fig. 1).
After examining the patient, the
intern enters an admitting diagnosis
and notes any associated conditions
on the audit sheet. On a given day
each week the residents and interns
during their ward rounds update each
patient’s audit sheet including any
operations, complications or consult
ations. Operations are dated and
numbered. Complications are given
a number corresponding to the re
lated operation when more than one
operation has been performed. A
coding clerk makes several copies of
a list of the data from the updated
audit sheets. This compiled “patient
list” is thus available for use at a
weekly service conference the day
after the audit sheets have been up
dated. The audit sheets are returned
to their respective charts for revision
each week of the patient’s hospital
stay.
The patient list serves several func-
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FIG. 1— Audit sheet for capture of
clinical data and complications; one
sheet is used for each patient.
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tions: (a) It gives a complete review
of all significant matters relating to
each patient, (b) It shows problems
and important data at a glance under
specific columns, (c) It serves as the
basis from which data are extracted
for 6-month summaries.
Service review conferences are at
tended weekly by all staff on the
service. The data on each patient are
briefly scanned and note made of
length of stay, operation, complica
tions, changes in diagnosis, and so
on. Any problems are discussed and
corrective measures recommended
by the group. For example, a patient
was listed as having a spiking fever
1 week after appendectomy with
primary skin closure for ruptured
gangrenous appendicitis. The dressing
had not been changed. It was recom
mended that the wound be probed
and opened and that such cases
should be treated in future with de
layed primary closure. Hence, the
first steps in review, along with per
tinent suggestions, are made by peers
on the same surgical service. This
method is as close an approximation
to concurrent review as is feasible.
When a patient is discharged from
hospital, the audit sheet serves as a
reliable basis from which data can be
transferred to the admission and sep
aration form of the permanent rec
ord, eliminating the problems asso
ciated with inaccurate data for re
view. Fig. 2 shows the sequence of
the main events in morbidity review.
All complications are coded ac
cording to a modification of the In
ternational Classification of Diseases,
Adapted (ICDA) system developed
through 2 years of audit experience
in our centre. A report of the clas
sified complications for each service
is submitted semiannually to service
chiefs, section heads and the head of
the department. This review identifies
areas of unsatisfactory performance
A G EN T___________________ ACTIVITY___________________ BENEFIT__________
Attention to potient
Accurote coding

Audit/Reseorch
Techmcion

Service review

Concurrent modification
in management

Audit/Reseorc
Technician

Studies

Identification of problem

Basis for corrective
measures

FIG. ?■—Flow diagram outlining steps
involved fir. morbidity review and in
dicating persons involved with each step.
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and points out problems requiring
special attention. For example, one
service was under the impression that
their frequency of respiratory prob
lems was acceptable until the semi
annual report identified a 14% in
cidence of pulmonary complications.
This stimulated initiation of more
aggressive preoperative and postoper
ative respiratory assessment and phy
siotherapy.
More recently, computer capability
has been obtained with input from
the audit sheets to correlate the fol
lowing: (a) number of patients per
surgeon, (b) number of patients per
service or section, (c) type of opera
tion, (d) diagnoses related to opera
tion, (e) complications related to oper
ation, diagnosis and surgeon and (f)
duration of stay related to operation,
surgeon and complication. Diagnoses,
operations and complications appear
only in code to preserve privacy.
Mortality Review

Our mortality review is compre
hensive and thorough. The charts on
all patients who die are randomly dis
tributed to members of the surgical
standards committee for review each
month. The reviewer thoroughly ex
amines the chart, autopsy report and
submitted summary before dictating
a further brief summary specifically
relating to standards. Explicit criteria
have not been developed and judge
ments are based on implicit standards.
Each case is assigned a category
based on treatment (T), investigation
(I) and documentation (D). Treat
ment refers to any mode of therapy
—drugs, operations, radiotherapy,
etc. Investigation includes clinical,
radiologic and laboratory studies. Do
cumentation refers to the entire writ
ten record. The assessment for each
of these categories is listed as satis
factory (1), questionable (2) or un
satisfactory (3). An example of treat
ment which was considered unsatis
factory involved a patient who, 1 day
after a clean operation, was found
to have a fever and was immediately
given gentamicin and clindamycin be
fore cultures were obtained. Pseudo
membranous colitis developed as a
result of this treatment. Such treat
ment would have been considered un
satisfactory whether or not a com
plication had arisen. An example of
questionable investigation was a pa
tient with known carcinomatosis and
in a terminal condition who had some
respiratory signs. Venography was
performed on one leg but no lung
scanning was done. The question was
raised as to the advisability of veno
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graphy and why, if venography was
indicated, lung scanning had not been
done. Upon questioning the surgeon
involved, he admitted that neither
test was indicated; the questionable
assessment was then changed to un
satisfactory. All charts with other
than satisfactory assessments of treat
ment, investigation and documenta
tion are discussed at a meeting of the
surgical standards committee. From
time to time, a single chart has been
reviewed by more than one member
of the committee, and correlation has
been good regarding assessments of
adequacy. Kessner10 also noted that
there is good agreement among phy
sician evaluators using implicit judge
ments.
For charts that are questionable or
unsatisfactory, a memo is sent to the
surgeon requesting that he review the
chart and comment on the matter in
question. This encourages self-evalua
tion while ensuring feedback without
confrontation.
Blatant mismanagement or difficult
problems are referred to the service
chief or the head of the department,
or both. All correspondence is con
fidential and protected from court
subpoena under the provisions of the
Manitoba Evidence Act.
One surgical grand rounds confer
ence per month is devoted to the
discussion of one or two patients who
have died. Cases are selected primarily
for their educational potential and
names are omitted. A resident or in
tern presents a summary of the clin
ical course, a pathologist describes
pertinent findings from the surgical
specimen or autopsy, and then there
is general discussion. A statistical re
view of the month is also presented
with cause(s) of death listed according
to seven categories: trauma, cancer,
infection, cardiovascular, operationrelated, alcohol-related and other.
Most causes of death fall into the
six identified categories. The number
of unsatisfactory assessments is noted.
In addition, a punch card system
suitable for computer adaptation has
been devised in order that groups of
diseases and audit categories may be
easily studied.
Some Observations

The department of surgery in the
Health Sciences Centre has 371 beds
and 72 staff members. During 1976,
patient lists of morbidity were sub
mitted for at least 40 weeks in 7 of
the 10 surgical services. The number
of patients with complications re
ported from these seven comply
ing services was 822 (23%) of a
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total 3520 admissions during the
weeks reviewed.
In 1977, patient lists of morbidity
were submitted for at least 44 weeks
in 7 of the 10 surgical services. On
the 7 complying services, the number
of patients with complications was
703 (16%) of 4509 admissions during
the weeks reviewed.
In 1978, 8 of the 10 surgical serv
ices submitted patient lists for 50
weeks or more. The higher compli
ance rate could be a side effect of
audit or a by-product of resident
education and better systematization.
The total number of patients with
complications in 1978 was 918 (17%)
of the 5473 patients reviewed.
The total number of deaths was
259 in 1976, 278 in 1977 and 231
in 1978. Management was judged to
be satisfactory with respect to treat
ment, investigation and documenta
tion for 67% of deaths in 1976, 76%
in 1977 and 68% in 1978. Table I
shows the assessments of manage
ment for each of the three cate
gories. That treatment was assessed
as questionable more often than
investigation or documentation prob
ably reflects differences in profes
sional judgement. Documentation was
more easily categorized as either sa
tisfactory or unsatisfactory.
Relating to deaths, 55 letters in
1976, 42 letters in 1977 and 44 let
ters in 1978, requesting personal re
view of the chart, were sent to mem
bers of the department.
The surgical standards committee
has been able to identify numerous
problems in the hospital system that
might contribute to inadequacy of
patient care. In a 3-year period, 37
recommendations were submitted to
appropriate committees, services or
administrative personnel. Many of
these recommendations have been ac
cepted and implemented. For ex
ample, the department of nursing was
alerted to the need for extra caution

in elderly, drowsy patients with hip
fractures after ileus, regurgitation and
aspiration pneumonia were found to
have developed in two such patients.
Discussion

Experience indicates that imme
diate, direct communication between
the surgeon and the coding clerk is
essential. Such a system has been
developed in cooperation with the de
partment of medical information and
has improved the accuracy of diag
nosis, operation title and identifica
tion of complications. As a result,
more complete and accurate informa
tion is recorded on the admission and
separation form and, hence, retro
spective retrieval and analysis are
much more reliable.
The system we have described al
lows the identification and coding of
complications distinct from admitting
diagnoses and associated conditions.
Moreover, with computer integration
and on-the-ward coding of complica
tions, it is possible to relate complica
tions to specific diagnoses, specific
operations and to the individual sur
geon. Feedback of this information
to the individual involved will allow
personal and private comparison—the
surgeon’s record with that of his peers.
The use of defined criteria for pre
admission screening and retrospective
review has not been as useful as we
had hoped. Criteria are difficult to
apply especially in a large teaching
institution because they tend to be
arbitrary and insensitive, because
most patients arrive with a number
of medical and physiologic defects
and because the criteria relate to pro
cess which may not affect outcome.
Since process may be complex, in
cluding intuitive physician behaviour,
assignment of criteria may fail to
identify determining factors. For ex
ample, Nobrega and colleagues11
found no overall correlation between
process and outcome concerning hy

pertension and concluded that a sys
tem of rigid criteria was not helpful.
However, it should be stated that a
system such as ours might be too
cumbersome in a smaller community
hospital unless appropriately mod
ified.
Summary

Our experience over the past 5
years in developing a system for clin
ical audit of surgical care has taught
us that such a system for peer re
view requires thorough documenta
tion, impartial and critical review and
open discussion. Adequate documen
tation has been the most difficult
requirement to fulfil. The system
of weekly on-the-ward identification
of complications
has facilitated
both the accuracy and inclusiveness
of such documentation. The educa
tional and potentially behaviour
modifying aspects of this activity are
incorporated in discussion and feed
back of information to individual
surgeons and to the department mem
bers as a group.
A review of morbidity is now being
carried out by 8 of the 10 surgical
services, assisted by the medical in
formation service. All deaths are re
viewed by members of the surgical
standards committee with appropriate
feedback to members of the depart
ment. It has been useful to assess
the quality of care process based on
treatment, investigation and docu
mentation. The residents, interns and
consultants in the department of sur
gery have been exposed to the con
cept of peer review and the need for
accurate capture of patient data
through a system of clinical audit.

Table I—Assessments of Management 1976 to 1978
Assessment
Satisfactory
1976
1977
1978
Questionable
1976
1977
1978
Unsatisfactory
1976
1977
1978

Treatment

Investigation

Documentation

80.0
84.4
76.5

88.3
91.6
88.5

90.0
88.0
83.0

11.0
10.5
12.9

7.5
4.7
8.6

3.8
1.8
7.8

9.0
5.1
10.6

4.2
3.6
2.9

6.2
10.2
9.2
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Linitis plastica of the cecum is rare.
The authors describe a case of this
condition in a 26-year-old man. The
commonest presenting symptom is a
change in bowel habit. Histologically
there are three recurring features—
diffuse infiltration of the bowel wall
by small darkly staining tumour cells,
the presence of multiple “signet-ring”
cells indicating mucin production and,
third, an attempt at gland formation.
The prognosis is poor; no patient has
survived longer than 27 months.
La linite plastique du caecum est
une affection rare. Les auteurs en
decrivent un cas chez un homme de
26 ans. Le symptome le plus
frequemment observe est un changement des habitudes de defecation.
Trois caracteristiques histologiques
reviennent regulierement: une
infiltration diffuse de la paroi
intestinale par de petites cellules
tumorales de coloration foncee, la
presence de multiples cellules en
bague indicatrices d'une production
de mucine et, troisiemement, une
tentative de formation glandulaire.
Le pronostic est mauvais; aucun
patient n'a survecu plus de 27 mois.

Lieutand in 1779 was the first to
recognize primary linitis plastica of
the stomach as a distinct pathologic
entity.1 The first reported case was by
From the Norfolk General Hospital,
Simcoe, Ont.
Accepted for publication June 27, 1979
Reprint requests to: Dr. N.R. Kallie,
Department of pathology, 365 West St.,
Simcoe, Ont. N 3Y 1T7
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Brinton in 1865.2 The tumour consti
tutes 10% to 15% of all malignant
stomach neoplasms3 and is often re
ferred to as the “leather bottle
stomach”. Primary linitis plastica of
the colon, however, is extremely rare.
There are about 100 reported cases
of secondary linitis plastica of the
colon from primary lesions, mainly of
the stomach but also of the breast and
gallbladder.3 In a study of 12 000
cases of carcinoma of the colon at the
Mayo Clinic only 11 cases of linitis
plastica were found.4 No evidence was
presented that these were primary
lesions. Amorn and Knight5 reported
that there are only 22 authenticated
cases of primary linitis plastica of the
colon. We present an additional case
of primary linitis plastica of the
cecum.
Case Report

A 26-year-old man was admitted to
Norfolk General Hospital in Simcoe on
Apr. 12, 1978 complaining of fatigue and
severe mid-abdominal pain that had first
begun 3 months earlier. This pain was
intermittent and crampy and was oc
casionally accompanied by nausea and
vomiting, but the patient had had no
change in bowel habit. He had not
passed any frank blood per rectum and
no obvious melena had been noted.
On admission his hemoglobin value
was 10.6 g/dl with a sedimentation rate
of 31 mm/h. A day later the hemoglobin
value dropped to 9.6 g/dl. The patient
was thought to be bleeding from a duo
denal ulcer. Other hematologic and labo
ratory data were normal except for a
positive test for occult blood in the stool.
On physical examination the patient
was obviously anemic. A firm mobile
mass was palpated in the right lower
quadrant of the abdomen which prompted
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a clinical diagnosis of carcinoma of the
cecum.
An air-contrast barium enema demon
strated a filling defect measuring 3 x 2
cm that was smooth, round and lobulated
with overhanging edges within the cecum
in the ileocecal valve (Fig. 1). There
was no involvement of the terminal
ileum or appendix. On radiologic ex
amination the rest of the colon, eso
phagus, stomach, duodenum, small
bowel and gallbladder appeared normal.
No metastatic lesion was found in the
chest.
On Apr. 25, a laparotomy was per
formed and a stenosing lesion of the
right ileocecal junction was found. The
lesion was mobile and was easily re
moved from the right colic gutter. Mul
tiple succulent lymph nodes were present
throughout the ileocecal mesentery. The
stomach and duodenum, liver and gall
bladder appeared normal. After right
hemicolectomy the terminal ileum was
anastomosed to the transverse colon leav
ing the middle colic vessels intact. The
patient was discharged 7 days later. He
died from widespread tumour invasion

F IG . 1— Filling defect, about 3 X 2
cm, in cecum in ileocecal region (arrows).
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of the abdomen in February 1979, 13
months after his initial symptoms.
Gross examination of the lesion
revealed stenosis in the ileocecal valve
region. The mucosa in this area was
granular and did not show ulceration.
This granular mucosa extended for 6
cm distally within the cecum. No intra
luminal mass was found. The wall at
the ileocecal junction was markedly
thickened, up to 0.5 cm. It was of firm
consistency and greyish-white. The
mucosa was firmly attached to the sub
mucosa and did not move freely over it.
There was no sharp demarcation between
the lesion and normal bowel. The ter
minal ileum, appendix and remainder of
the cecum were normal.
There were three distinct features in
the microscopic sections. Small darkly
staining tumour cells were found in the
entire thickness of the bowel wall. These
cells were present mainly in the sub
mucosa but the mucosa and muscularis
were also involved (Fig. 2). In places
these cells were found in pools of mucin
and there were typical “signet ring” cells
indicating intracellular production of
mucin (Fig. 3). An attempt at gland for
mation was distinct in areas (Fig. 4).
Metastatic tumour with similar histologic
features was found in six regional lymph
nodes (Fig. 5).

Discussion

To diagnose primary linitis plastica
of the colon it is necessary to exclude
such lesions elsewhere especially in
the stomach. In our case the stomach
and gallbladder were excluded as
primary sites by barium meal exami
nation and cholecystography and by
clinical examination at laparotomy.
Linitis plastica of the colon occurs
in persons younger than those with
carcinoma of the colon. The reported
age range is from 24 to 72 years
(mean 54 years).6 Our patient was
only 26 years old. The usual age of
onset of carcinoma of the colon is
60 years. While carcinoma of the
colon has a pronounced male pre
dominance the male to female ratio of
linitis plastica is approximately 1:1.6'7
The commonest presenting feature
is a change in bowel habit;1'5,6'8,9 diar
rhea alternates with constipation.
Frank bleeding from the lesion is less
common as are loss of weight, anemia,
fatigue and abdominal pain, but occult
blood in the stool is encountered frequently.1,5,6,8 Our patient presented
with anemia and fatigue, and occult

blood was found in the stool during
investigation.
W olf and M arshak10 have detailed
the radiologic features of prim ary lini
tis plastica of the colon. Early changes
are minimal and can easily be over
looked. As the lesion progresses there
is narrowing of a considerable length
of bowel. An intraluminal mass is
usually not present and mucosal ulcer
ation is minimal or absent. In carci
noma of the colon an intralum inal
filling defect is commonly encountered
with or without mucosal destruction.
The involved segment is much shorter
and there is a sharp dem arcation be
tween the lesion and normal bowel.
In linitis plastica, however, the ends of
the lesion tend to taper11 towards
norm al bowel and the dem arcation
zone is indistinct. In our case, al
though no distinct intralum inal mass
was found, a filling defect ( 3 x 2 cm)
with overhanging edges around the
ileocecal valve was noted radiologically. This might be explained by the
mucosa being pushed up into the
lumen due to fibrotic contraction of
the bowel wall.
Because the radiologic features of

FIG. 2—Tumour involving mucosa, submucosa and mus
cularis (hematoxylic and eosin, reduced by 50% from X40).

FIG. 3—“Signet ring” cells in pools of mucin (hematoxylin
and eosin, reduced by 50% from X400).

FIG. 4—Glandular component of tumour (hematoxylin
and eosin, reduced by 50% from X400).

FIG. 5—Lymph node with metastatic “signet ring” cells
(hematoxylin and eosin, reduced by 26% from x400).
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malignancy are absent early in the
disease, a diagnosis of an inflam
matory lesion is often made. Ulcer
ative colitis has been associated with
linitis plastica of the colon on more
than one occasion,1-840 12 giving rise to
speculation regarding a cause and
effect relationship between the two
lesions.
Most (80% ) of the lesions of linitis
plastica of the colon are located on
the left.5 The lesion in our patient
was in the cecum which is uncommon.
The outstanding pathologic feature of
linitis plastica is an increase in the
thickness of the wall of the bowel.1-3-6
The mucosa, which has a granular
appearance, is usually intact with little
or no ulceration. The mucosa and the
submucosa are always adherent. The
increase in the thickness of the bowel
wall is due to invasion of the submu
cosa and muscularis by mucin-pro
ducing adenocarcinoma cells and to
the accompanying reactive fibrosis.
Adenocarcinoma cells are thought to
be able to produce mucolytic enzymes
that facilitate local invasion and me
tastasis and incite the surrounding
connective tissue cells to produce
dense fibrosis.4 The gross features of
the lesion in our patient were identical
with those described above.
The microscopic appearance is
fairly constant. There are three recur
ring features which were present in
our case and have already been al
luded to.1-5-6-8-13 Most cases of linitis
plastica of the colon show early
lymph-node
metastasis.1,2441
ln
women there is also a predilection
for metastases to the ovaries.1-6-11 A
hysterectomy with bilateral oophorec
tomy is recommended as a part of the
treatment.1 Metastasis to the liver in
spite of early lymph-node and peri
toneal spread is rare.1-2-6-13 Only one
case of liver metastasis has been re
corded.8
The
prognosis
is
extremely
poor.6'8-'’-13 No patient is known to
have survived for more than 27
m onths6 It is thought that the poor
prognosis may be related to a delay
in diagnosis since this lesion is often
confused with an inflammatory con
dition.
We thank Miss Cindy Maxwell for
typing the manuscript, Mr. B. Cook for
preparing the illustrations, Mrs. M.
Carpenter for collecting the references
and Dr. R. Mainman for valuable
criticism.
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(ibuprofen)
Product Information
Action: Ibuprofen has demonstrated anti-inflammatory,
analgesic and antipyretic activity in animal studies
designed to specifically demonstrate these effects.
Ibuprofen has no demonstrable glucocorticoid effect.
Following a single 200 mg dose of ibuprofen in humans,
useful blood levels were demonstrable in 45 minutes and
still present in six hours but at barely detectable levels.
Peak levels occurred at approximately one hour after
ingestion. Levels were lower when taken in conjunction
with food.
Ibuprofen is rapidly metabolized and eliminated in the
urine. The excretion of ibuprofen is virtually complete 24
hours after the last dose. The serum half-life of ibuprofen
is 1.8 to 2 hours. There is no evidence of drug accumula
tion or enzyme induction.
Ibuprofen has been found to be less likely to cause
gastro-intestinal bleeding in doses usually used than is
acetylsalicylic acid.
Clinical trials in man have shown activity of a dose of
1200-1800 mg of ibuprofen daily to be similar to that of
3.6 grams of acetylsalicylic acid daily.
Indications and Clinical Uses: Motrin (ibuprofen) is
ind ica te d for the tre a tm e n t of rheum atoid and
osteoarthritis. Motrin is also indicated for the relief of
mild to moderate pain, accompanied by inflammation, in
conditions such as musculo-skeletal trauma and post
dental extraction. Motrin is also indicated for the relief of
pain associated with dysmenorrhea.
Contraindications: Ibuprofen should not be used in
patients who have previously exhibited hypersensitivity
to it, or in individuals with the syndrome of nasal polyps,
angioedema and bronchospastic reactivity to acetyl
salicylic acid or other nonsteroidal anti-inflammatory
agents, (see WARNINGS).
Ibuprofen should not be used during pregnancy, in
nursing mothers or in pediatric patients because its
safety under these conditions has not been established.
Warnings: Anaphylactoid reactions have occurred in
patients with known A.S.A. hypersensitivity (see
CONTRAINDICATIONS).
Peptic ulceration and gastrointestinal bleeding, some
times severe, have been reported in patients receiving
ibuprofen. Peptic ulceration, perforation, or severe
gastrointestinal bleeding can have a fatal outcome, and
although few such reports have been received with
ibuprofen, a cause and effect relationship has not been
established. Ibuprofen should be given under close
supervision to patients with a history of upper gastro
intestinal tract disease.
Precautions: Blurred and/or diminished vision, scoto
mata, and/or changes in colour vision have been reported.
If a patient develops such complaints while receiving
ibuprofen, the drug should be discontinued and the
patient should have an ophthalmologic examination.
Fluid retention and edema have been reported in
association with ibuprofen, therefore, the drug should be
used with caution in patients with a history of cardiac
decompensation or renal disease.
Ibuprofen, like other nonsteroidal anti-inflammatory
agents, can inhibit platelet aggregation but the effect is
quantitatively less and of shorter duration than that seen
with acetylsalicylic acid. Ibuprofen has been shown to
prolong bleeding time (but within the normal range) in
normal subjects. Because this prolonged bleeding effect
may be exaggerated in patients with underlying hemo
static defects, ibuprofen should be used with caution in
persons with intrinsic coagulation defects and those on
anticoagulant therapy.
Patients on ibuprofen should be cautioned to report to
their physicians signs or symptoms of gastrointestinal
ulceration or bleeding, blurred vision or other eye
symptoms, skin rash, weight gain, or edema.
When ibuprofen is added to the treatment program of
patients who have been on prolonged corticosteroid
therapy, and it is decided to discontinue this therapy, the
corticosteroid should be tapered slowly to avoid
exacerbation of disease or adrenal insufficiency.
Aseptic meningitis has been reported in connection with
ibuprofen therapy in patients with systemic lupus
erythematosus. Such patients may also develop hyper
sensitivity reactions to ibuprofen such as fever, rash or
abnormal liver function more often than those with other
disorders. Caution should therefore be exercised when
considering ibuprofen therapy for patients with
systemic lupus erythematosus.
Drug Interactions
Coumarin-type anticoagulants - Several short-term con
trolled studies failed to show that ibuprofen significantly
affected prothrombin times or a variety of other clotting
factors when administered to individuals on coumarintype anticoagulants. However, because bleeding has
been reported when ibuprofen and other nonsteroidal
anti-inflammatory agents have been administered to
patients on coumarin-type anticoagulants, the physician
should be cautious when administering ibuprofen to
patients on anticoagulants.
A.S.A.: Animal studies show that A.S.A. given with non
steroidal anti-inflammatory agents including ibuprofen
yields a net decrease in anti-inflammatory activity with
lowered blood levels of the non-A.S.A. drug. Single dose
bioavailability studies in normal volunteers have failed
to show an effect of A.S.A. on ibuprofen blood levels.
Correlative clinical studies have not been done.
Adverse Reactions: The following adverse reactions
have been noted in patients treated with ibuprofen:

Note: Reactions listed below under Causal Relationship
Unknown are those which occurred under circum 
stances where a causal relationship could not be
established. However, in these rarely reported events,
the possibility of a relationship to ibuprofen cannot be
excluded.
Gastrointestinal:The adverse reactions most frequently
seen with ibuprofen therapy involve the gastrointestinal
system.
Incidence 3 to 9%: nausea, epigastric pain, heartburn
Incidence 1 to 3%: diarrhea, abdominal distress, nausea
and vomiting, indigestion, constipation, abdominal
cramps or pain, fullness of the gastrointestinal tract
(bloating or flatulence).
Incidence less than 1%: gastric or duodenal ulcer with
b le e d in g a nd/or p e rfo ra tio n , g a s tro in te s tin a l
hemorrhage, melena, hepatitis, jaundice, abnormal liver
fu n c tio n (SGOT, serum b iliru b in and a lk a lin e
phosphatase).
Central Nervous System:
Incidence 3 to 9%: dizziness
Incidence 1 to 3%: headache, nervousness
Incidence less than 1%: depression, insomnia
Causal relationship unknown: paresthesias, hallucina
tions, dream abnormalities.
Dermatologic:
Incidence 3 to 9%: rash (including maculopapular type)
Incidence 1 to 3%: pruritis
Incidence less than 1%: vesiculobullous eruptions,
urticaria, erythema multiforme
Causal relationship unknown: alopecia, StevensJohnson syndrome.
Special Senses:
Incidence 1 to 3%: tinnitus
Incidence less than 1%: amblyopia (blurred and/or
diminished vision, scotomata and/or changes in colour
vision). Any patient with eye com plaints during
ibuprofen therapy should have an ophthalmological
examination (see PRECAUTIONS).
Causal relationship unknown: conjunctivitis, diplopia,
optic neuritis.
Metabolic:
Incidence 1 to 3%: decreased appetite, edema, fluid
retention. Fluid retention generally responds promptly to
drug discontinuation (see PRECAUTIONS).
Hematologic:
Incidence less than 1%: leukopenia and decreases in
hemoglobin and hematocrit
Causal relationship unknown: hemolytic anemia, throm
bocytopenia, granulocytopenia, bleeding episodes (e.g.
purpura, epistaxis, hematuria, menorrhagia).
Cardiovascular:
Incidence less than 1%: congestive heart failure in
patients with marginal cardiac function, elevated blood
pressure
Causal relationship unknown: arrhythmias (sinus tachy
cardia, sinus bradycardia, palpitations).
Allergic:
Incidence less than 1%: anaphylaxis (see CONTRA
INDICATIONS).
Causal relationship unknown: fever, serum sickness,
lupus erythematosus syndrome.
Endocrine:
Causal relationship unknown: gynecomastia, hypo
glycemic reaction.
Renal:
Causal relationship unknown: decreased creatinine
clearance, polyuria, azotemia.
Symptoms and Treatment of Overdosage: A nineteen
month old child weighing 12 kg ingested from 2800 to
4000 mg and presented with apnea, cyanosis and
responded only to painful stimuli. Oxygen and paren
teral fluids were given and at 12 hours she appeared
completely recovered. Two other children (10 kg each)
ingested 1200 mg of ibuprofen each and there were no
signs of acute intoxication or late sequelae. A 19 year old
male who had ingested 8000 mg of ibuprofen reported
dizziness, and nystagmus was noted. He recovered with
no reported sequelae after parenteral hydration and
three days’ bed rest.
In cases of acute overdosage, the stomach should be
emptied by vomiting or lavage, though little drug will
likely be recovered if more than an hour has elapsed
since ingestion. Because the drug is acidic and is
excreted in the urine, it is theoretically beneficial to
administer alkali and induce diuresis.
Dosage and Administration: Rheumatoid arthritis and
osteoarthritis: The initial daily dosage in adults is
1200 mg divided into 3 or 4 equal doses. Depending on
the therapeutic response, the dose may be adjusted
downward or upward. The daily dosage should not
exceed 2400 mg.
Maintenance therapy, once maximum response is
obtained, will range from 800 to 1200 mg per day.
Mild to moderate pain associated with inflammation,
dysmenorrhea: 400 mg repeated as required every 4 to 6
hours. The daily dosage should not exceed 2400 mg.
Children: Due to the lack of clinical experience, ibu
profen is not indicated for use in children under 12 years
of age.
Supplied: 200 mg (yellow) , 300 mg (white), 400 mg
(orange) sugar-coated tablets and 600 mg (peach) filmcoated tablets in bottles of 100 and 1000.
Product monograph available on request.
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The authors describe an unusual
case of an 11-year-old girl who had
right lower quadrant pain due to
unilateral salpingitis, suppurative
omentitis and periappendicitis. The
etiologic agent was the parasite
Enterobius verm icularis. A review of
the literature revealed that pinworm
may be the cause not only of
appendicitis, but of inflammatory
reactions in other intra-abdominal sites
and that the frequency of this
occurrence is probably higher than
has previously been suspected.
Les auteurs decrivent le cas inhabituel
d’une fillette de 11 ans souffrant
de douleurs au quadrant inferieur
droit dues a une salpingite u n ilateral,
a une epigloite suppurative et a une
peri-appendicite. L’agent etiologique
fut le parasite Enterobius verm icularis.
Une revue de la litterature a revele
que les oxyures peuvent non
seulement etre la cause d’appendicites,
mais aussi de reactions inflammatoires d’autres foyers intra-abdominaux,
e t que la frequence d’un tel incident
est probablement plus elevee qu’il
n’etait prealablement soupponne.

Symptomatic inflammatory reaction
secondary to the parasite Enterobius
vermicularis is uncommon. Pinworms
are usually asymptomatic inhabitants
of the terminal small bowel and ce
cum, but when they do cause symp
toms there is a spectrum of gastro
intestinal and genitourinary com
plaints. We present the case of a
young girl who had right lower quad
rant pain, mimicking appendicitis; it
was found to be due to unilateral
salpingitis and suppurative omentitis
secondary to E. vermicularis.
The cause of abdominal pain in
children is often difficult to diagnose.
Pinworm salpingitis with omentitis,
although it is rare, should be con
sidered.

« « w 6 M urphy J m d , f r c p [c ] an ^ F . G . I ng lis , \ m d , fr c s [c ], facs

Case Report
An 11-year-old white girl was ad
mitted to her local hospital with a 1week history of pain in the right lower
abdominal quadrant and dysuria which
was being treated with ampicillin, with
little response. Twenty-four hours before
admission she experienced lower abdom
inal pain of increased intensity, nausea
and anorexia and became febrile. A sub
sequent examination under anesthesia at
the local hospital revealed no palpable
abdominal masses, but on rectal exam
ination an enlarged and fixed mass in
the pouch of Douglas was felt, and she
was referred to the University Hospital
in Saskatoon.
On physical examination she was
obviously distressed. She had a tem
perature of 38.9°C. The lower half
of her abdomen was tender particularly
on the right side, but bowel sounds were
present. On rectal examination no excoria
tion of the perianal skin was found. Ten
derness was noted on the right side but
no definite mass could be palpated. The
leukocyte count was 12.3 x 10V1; her
hemoglobin, serum electrolyte, urea and
creatinine values were within the normal
range and the chest roentgenogram was
normal. Urinalysis showed the presence
of glucose and blood, and subsequent
culture produced a growth of Escheri
chia coli, which was resistant to ampi
cillin.
During the text 12 hours her
abdominal pain worsened; a diagnosis
of acute appendicitis was made. At

operation a slightly inflamed appendix
was found; the most important finding
was that the omentum, which was bound
down in the pelvis, was markedly thick
ened and had several hard nodules in it.
Both ovaries were normal, but the right
Fallopian tube was inflamed and edema
tous. There was no discharge from the
fimbriated end. An appendectomy and
an excisional biopsy of the omental mass
were carried out. Microscopic examina
tion of the appendix revealed the pres
ence of an adult member of E. vermi
cularis within the lumen (Figs. 1 and 2).
There was marked inflammation around
the appendix with eosinophilic infiltrate
predominating. The biopsy specimen of
the omentum also contained a marked
eosinophilic infiltrate and pinworm ova
within areas of suppuration (Fig. 3).
The diagnoses of periappendicitis and
suppurative omentitis were made.
Postoperatively, the patient did well.
She was given Septra® (tabs 1 bid for 7d)
and Vanquin® (200 mg, single dose), re
spectively, for her urinary and parasitic
infections.

Discussion
The parasite Enterobius vermicu
laris is a common inhabitant of the
cecum and appendix and adjacent
parts of the small bowel, particularly
in young children. The gravid female
migrates from these locations at night
and deposits her eggs on the perianal
skin. These ova are irritating, so the

From the departments of surgery and
pathology, University of Saskatchewan,
Saskatoon, Sask.
Accepted for publication Apr. 19, 1979
Reprint requests to: Dr. F.G. Inglis,
Department of surgery, University
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FIG. 1—Vermiform appendix in cross-section showing gravid female of

Enterobius vermicularis within lumen (hematoxylin and eosin, X32).
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usual presenting symptom is pruritus
ani. Subsequent entry into the vagina
and migration up the genital tract is
a possible route of entry into the
peritoneal cavity. Although pinworms
are a common finding in the stools
of children, abdominal symptoms sec
ondary to pinworms are considered
to be extremely rare. However,
Boulos and Cowie* reported a 3%
prevalence of pinworm appendicitis in
the area of London, England. In
Egypt, where parasites are more
common, Soliman2 reported a 32.6%
prevalence of parasites in the appen
dix of which 70% were E. vermicularis. Also the presence of pin
worms in the appendix is roughly 20
times more common in a prospective
study in which the appendiceal con
tents are examined, than in a retro
spective study in which the appendix

is not opened and the diagnosis is
made histologically.3"6 Thus, the pres
ence of pinworms in an appendix
causing symptoms is probably not as
rare an occurrence as it was once
thought to be.
Ectopic location of E. vermicularis
is unusual. Saffos and Rhatigan,7 in
a review of the literature, found re
ports of 27 cases up to 1975, of
which only 6 contained convincing
symptomatic and pathological corre
lation. The predominant ectopic loca
tion is the female genital tract at any
site from the vagina to the ovary.8"12
These lesions can be differentiated
from a pyogenic process by several
features; a marked eosinophilic in
filtrate is usually present, the lesion
is usually unilateral and ova or adult
pinworms are present. The next most
common ectopic site is within the

omentum13-14 in the peritoneal cavity
or the pouch of Douglas.15 There have
also been two reported cases of E.
vermicularis granuloma within the
substance of the liver16 and two cases
of a pulmonary nodule due to E.
vermicularis.'7

FIG. 2—Higher magnification of gravid female (hematoxylin and eosin, X l28).
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The value of ibuprofen (Motrin) as
an analgesic was assessed in two
consecutive studies in 425 patients
with postherniorrhaphy pain. In
the first study, 400 mg ibuprofen
proved superior to placebo and as
effective as one tablet of a compound
containing 375 mg of acetylsalicylic
acid, 30 mg caffeine and 8 mg codeine
(ACC-8). In the second study, the
analgesic effectiveness of 400 mg
of ibuprofen was intermediate between
that of two tablets of ACC-8 and one
tablet of ACC-30 (a compound con
taining 375 mg ASA, 30 mg caffeine
and 30 mg codeine). The side effects
of all drugs were negligible. Ibuprofen
should be a suitable alternative
analgesic in postoperative pain of
this type.
L'activite analgesique de I'ibuprofene
(Motrin) a ete evaluee dans deux etudes
consecutives impliquant 425 patients
souffrant de douleurs post-herniorraphies. Dans la premiere etude,
400 mg d’ibuprofene s'avera superieur au placebo et aussi efficace
qu'un comprime d'un compose renfermant 375 mg d'acide acetylsalicylique,
30 mg de cafeine et 8 mg de codeine
(ACC-8). Dans la deuxieme etude,
I’efficacite analgesique de 400 mg
d’ibuprofene fut intermediate entre
celles de deux comprimes d’ACC-8 et
d’un comprime d’ACC-30 (un compose
renfermant 375 mg d’ASA, 30 mg de
cafeine et 30 mg de codeine). Les
effects secondaires des medicaments
furent negligeables. L’ibuprofene
devrait etre un choix convenable
comme analgesique dans les douleurs
postoperatoires de ce type.

The anti-inflammatory and analgesic
properties of ibuprofen (Motrin®) in
treating arthritis are well known;
F rom the Shouldice Hospital Lim ited,
Toronto, Ont.
A ccepted for publication June 1, 1979
R eprint requests to: Dr. J.D.H. lies,
Shouldice Hospital Lim ited, 7750
B ay view Ave., VO Box 370, Thornhill,
O nt. L 3 T 4A3
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it has been marketed in Canada
for the treatment of arthritis since
1973.13 Ibuprofen has also been shown
to be effective against nonarthritic
pain such as that produced by gyne
cologic and dental operations.4-5 I
report the results of two double-blind
studies comparing the effect of ibu
profen in relieving postoperative pain
with that of placebo and two com
mon formulations of acetylsalicylic
acid-caffeine-codeine (ACC).
Patients and Methods

All 425 patients in the series had
undergone essentially similar elective
operations for repair of inguinal
hernia under local infiltration anes
thesia at the Shouldice Hospital in
Toronto.6
Participants were restricted to
those between 18 and 70 years of
age who seemed free of severe car
diovascular, renal or hepatic disease.
Patients were also excluded if they
had recently had prolonged corticos
teroid therapy, were unable to take
the study drugs for any reason, or
had difficulty in expressing them
selves in English.
S tu d y 1

The patients considered for this
study assessed their own degree of
pain postoperatively according to an
arbitrary scale from 1 to 9. A rating
of 1 to 3 was deemed “mild”, 4 to 6
“moderate” and 7 to 9 “severe”.
Patients who rated their pain as
moderate or severe were dispensed
the study medication on a randomized
double-blind basis as follows: ibu
profen 400 mg (one tablet), ACC-8
(one tablet containing 375 mg ASA,
30 mg caffeine and 8 mg codeine)
and placebo (one tablet).
If supplementary analgesia was
required within 1 hour of receiving
one of the study drugs, the patient was
dropped from the study.
Patients assessed the degree of their
pain at 30 minutes, 1, 2, 3 and 4
hours after ingestion of the study
drug and the degree of relief obtained
on a scale of 0 to 4: 0 for no relief,
V O L U M E 23, N O . 3, M A Y 1980
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1 for poor relief, 2 for fair, 3 for
good and 4 for excellent relief of
pain.
The aim was to make a final
assessment after 4 hours. If, within
that time, supplementary analgesics
were needed, the final assessment was
made from the last interview while
the patient was on the study drug
alone. Side effects were recorded at
every assessment.
In all, 125 patients (123 men and
2 women) completed this study: 42
received ibuprofen, 42 received ACC8 and 41 received placebo.
S tu d y 2

The study design was essentially
the same as the first, except that no
patient received placebo alone and
ibuprofen was compared with two
formulations of ACC.
Patients were randomly given one
of the following: ibuprofen 400 mg
(two 200 mg tablets), ACC-8 (two
tablets each containing 375 mg ASA,
30 mg caffeine and 8 mg codeine)
and ACC-30 (one tablet containing
375 mg ASA, 30 mg caffeine, 30 mg
codeine and one identical tablet of
placebo).
In this study were 300 patients
(290 men and 10 women); 102 re
ceived ibuprofen, 96 received ACC-8
and 102 received ACC-30 and
placebo.
Statistical Methods

The comparability of the three
groups of patients (in both studies)
was checked statistically. The patients’
ages, weights and rating of initial
pain intensity (before receiving a study
drug) were subjected to one-way
analysis of variance.
Student’s t-test, Dunnett’s t-test,7
Duncan new multiple range test7 and
the y2 test were used where appropriate
in comparing pain intensity rating,
pain intensity difference (PID, pain
intensity rating at initial interview
minus pain intensity rating at 30
minutes and 1, 2, 3 or 4 hours after
drug ingestion).

T H E C A N A D IA N JO U R N A L O F SURGERY

Patients who ingested supplemental
medication more than 1 hour after
ingestion of the study drug were
arbitrarily given the highest pain in
tensity rating and lowest degree of
relief score for the subsequent hourly
evaluations. For evaluation of the
duration of analgesia, patients who did
not request supplemental medication
were arbitrarily assigned 4 hours as
the time interval.
Results

Study I
Pain and relief data are shown in
Table I.
The statistical evaluation of pain
intensity rating, PID and degree of
relief scores were carried out only at
30 minutes and 1 hour because of
the high percentage of patients re
questing supplemental medication
after 1 hour, particularly in the
placebo group.

Ibuprofen significantly reduced
pain intensity at 30 minutes (P <
0.01) and at 1 hour (P < 0.001) after
ingestion, when the ratings were com
pared with the initial ratings in that
group. ACC-8 also significantly (P <
0.02) reduced pain at 30 minutes and
at 1 hour. With placebo the pain
intensity did not diminish signifi
cantly; indeed at 1 hour after inges
tion it appeared to be increasing.
The mean PID at 1 hour was sig
nificantly (P < 0.01 ibuprofen,
P < 0.05 ACC-8) greater in both
the active drug groups compared with
the placebo group. The PID was
greater with ibuprofen than with
ACC-8, but the difference was not
significant.
Ibuprofen and ACC-8 were both
significantly (P < 0.01) better than
placebo in the degree of pain relief
obtained 1 hour after tablet ingestion.
Supplementary medication. — This
was needed within 1 to 2 hours by
75.6% of patients on placebo, but by

significantly (P < 0.01) fewer on
ibuprofen (42.9%) and ACC-8 (50%).
This held good for both active drugs
in the 1- to 3-hour period, and for
ACC-8 (P < 0.05) in the 1- to 4-hour
period. There were no significant
differences between the two active
drugs. The mean time interval before
supplementary analgesic ingestion
was the same for both (2.5 hours)
but was significantly (P < 0.05)
longer than for the placebo (1.7
hours).
Study 2
Pain and relief data for all patients
in the second study are shown in
Table II.
Ibuprofen significantly (P < 0.05)
reduced pain intensity at all stages
up to 4 hours, ACC-8 did so up to
3 hours and ACC-30 up to 2 hours
when compared with the respective
baseline pain intensity. The PID for
all three drugs peaked at 1 hour,
and at most stages, the PID for ibu
profen was intermediate between that
for ACC-8 and ACC-30. The only
statistical difference was at 1 hour
when the PID for ACC-8 was signifi
cantly (P < 0.05) greater than that
for ibuprofen and for ACC-30. Ap
proximately 61% of patients treated
with ibuprofen, 66% treated with
ACC-8 and 62%
treated with
ACC-30 reported a reduction in pain
intensity of 50% or more during the
4-hour evaluation.
The degree of pain relief was
similar for all three drugs except that,
again, ACC-8 gave a significantly
(P < 0.05) greater degree of relief
at 1 hour than the other two drugs.
Supplementary medication.— There
was no statistically significant diffe
rence in the need for supplementary
analgesics between the group treated

Table 1— Study 1 Results
Time after ingestion of study drugs, h
0

0.5

1

5.4 ± 1.1
5.3 ± 1.2
5.6 ± 1 .1

5.0 ± 1.5*
4.9 ± 1.6J
5.5 ± 1.4

4.3 ± 2.Of
4.7 ± 1.9t
6.0 ± 2.0

Measurement
Pain intensity rating
(mean ± standard deviation)
Ibuprofen
ACC-8
Placebo
Pain intensity difference
(P ID ) (mean)
Ibuprofen
ACC-8
Placebo
Degree pain relief (mean ± SD)
Ibuprofen
ACC-8
Placebo

0.5
0.4
0.1

—
—

_

1.11
0.6H
-0 .4

0.9 ± 1.1
0.8 ± 1.2
0.5 ± 0.9

—

—

1.4 ± 1.4§
1.4 ± 1.3§
0.6 ± 1.1

*P < 0.01 (vs in itial), tP < 0.001 (vs initial), |P < 0.02 (vs in itial), §P < 0.01 (vs placebo),
KP < 0.05 (vs placebo).

Table II—Study 2 Results
Time after ingestion of study drugs, h
Measurement
Pain intensity rating
(mean ± SD)
Ibuprofen
ACC 8
ACC 30
PID (mean)
Ibuprofen
ACC-8
ACC-30
Degree of pain relief
(mean ± SD)
Ibuprofen
ACC-8
ACC-30

0

5.3
5.2
5.3

zb
zb
zb

1.3
1.2
1.2

—
—
—

—
—

0.5

1

2

3

4

4.7 ± 1.6*
4.3 ± 1.6*
4.6 ± 1.9*

3.9 ± 2.0*
3.2 ± 1.8*
4.0 ± 2 .2 *

4.1 ± 3.3*
3.4 ± 3 .1 *
4.3 ± 3.4f

4.4 ± 3.8f
3.9 ± 3 .6 *
4.7 ± 3 .7

4.5 ± 3.9f
4.6 ± 3.8
5.2 ± 3.9

0.6
0.8
0.7

1.5
2.0§
1.3

1.3
1.8
1.0

1.0
1.3
0.6

0.8
0.6
0.1

1.1 ± 1.3
1.4 ± 1.4
1.2 ± 1 .3

1.8 ± 1.3
2.3 ± 1.3§
1.8 ± 1 .3

2.0 ± 1.5
2.3 ± 1.4
2.0 ± 1.5

1.9 ± 1.6
2.0 ± 1.5
1.7 ± 1 .5

1.8 ± 1.7
1.7 ± 1.6
1.5 ± 1.5

*P < 0.001, fP < 0.05, fP < 0.01, §P < 0.05 (vs ibuprofen and ACC-30).
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Table II I — Results in Patients from Study 2 Who Did Not Need Supplementary Analgesics
Tim e after ingestion of study drugs, h
M easurem ent
PID (M ean)
Ibuprofen
A C C -8
ACC-30
D egree of relief (mean ± SD)
Ibuprofen
A C C -8
ACC-30

0.5

1

2

3

4

0.6
0.8
0.7

1.5
2.0
1.3

3.0
3.0
3.0

3.8*
3.4
3.2

3.9
3.5
3.4

1.1 ± 1.3
1.4 ± 1 .4
1.2 ± 1 .3

1.8 ± 1 .3
2.3 ± 1.3
1.8 ± 1 .3

2.7 ± 1 .0
2.8 ± 1.0
2.9 ± 0.8

3.2 ± 0 .7 *
3.0 ± 0.8
2.8 ± 0.8

3.1 ± 0.9
2.9 ± 1.0
2.9 ± 0.8

*P < 0.05 (vs ACC-30).

with ibuprofen and the other two
groups. However, significantly (P
< 0.05) fewer patients on ACC-8
required supplementary analgesics at
1 to 2 hours than those on ACC-30.
Approximately 40% of patients
treated with ibuprofen or ACC-8 and
50% of those treated with ACC-30
required additional medication within
the 4-hour evaluation period. The
mean interval between ingestion of
the study drug and supplemental
analgesia was about 3 hours in each
group.
Table III shows the pain and relief
data for patients (approximately 56%)
who did not require supplementary
analgesia within the 4-hour period.
The PID and degree of relief were
similar for the three drugs at almost
all stages except that at 3 hours
ibuprofen showed significant (P <
0.05) superiority over ACC-30.
Side Effects

Side effects were infrequent and
none was severe. There were instances
of nausea, upset stomach, dizziness,
weakness and faintness. In study 1,
three patients on ibuprofen and three
on ACC-8 were affected, and there
was one instance of vomiting in the
ACC-8 group. Such side effects are
also common after abdominal sur
gery, especially when meperidine has
been taken as a preoperative sedative.
There were more side effects with
the active drugs than with the placebo,
but this may have been related to the
shorter average observation period
of the latter group. One patient on
placebo had blood-stained emesis and
another became dizzy.
The mild symptoms mentioned
above were present in five patients
on ibuprofen in the second trial, six
on ACC-8 and six on ACC-30.
Discussion and Conclusions

The main reason for conducting
290

two similar studies consecutively was having an intermediate effect. As
the effect that placebo has in limiting ibuprofen is non-narcotic and causes
the scope of analgesic studies in gastrointestinal intolerance less often
general. Because patient coopera than ASA,8 it appears to be a suitable
tion and consent must be obtained alternative medication for postopera
beforehand, and they must accept the tive pain especially for patients in
chance of receiving a worthless tablet tolerant to the commonly used ACC
for their pain, the selection of formulations. It is also of interest
patients is narrowed, and nervous or that, in the second study, ASA ap
anxious patients are likely to be peared to be a more effective anal
excluded. They must be reassured gesic ingredient than codeine in these
that supplementary medication is ACC formulations.
available if needed. The knowledge
The author gratefully acknowledges
that this medication is available and
the help of the Upjohn Company of
that there is a one-in-three chance Canada
(in particular the cooperation of
of receiving a placebo, tends to in Mr. S.L. Erickson and Dr. D.J.P.
Squires) in supplying the drugs used
crease the drop-out rate; nearly 80%
of patients on placebo need supple and in performing the statistical ana
mentary analgesics within 1 to 2 lyses.
hours, and this hampers efforts to
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Jejunal diverticulosis is an uncommon
condition, but it is often associated
with a number of symptoms including
postprandial abdominal pain, disten
sion, flatulence, borborygmus, nausea,
vomiting, diarrhea and constipation
and with complications such as
vomiting of blood or coffee grounds
material, melena and shock. The authors
report such a condition in a 71-year-old
man. Resection is the treatment of
choice for relieving symptoms, and
for preventing or treating complications.
La diverticulose jejunale est une
affection rare, mais elle est souvent
associee a plusieurs symptomes parmi
lesquels on retrouve douleurs
abdominales post-prandiales,
distension, flatulence, borborygmes,
nausee, vomissements, diarrhee et
constipation; ses complications comprennent vomissement de sang ou de
materiel ayant I'aspect de marque
de cafe, melena et choc. Les auteurs
decrivent un tel cas survenant chez
un homme age de 71 ans. La resection
constitue le traitem ent de choix
pour la resolution des symptomes
ainsi que pour la prevention et le
traitement des complications.

Jejunal diverticulosis is an infrequent
radiologic or surgical finding. The
frequency at autopsy is reported as
0.2%1,2 and, consequently, clinicians
are not often confronted with this
problem. Symptoms may be present
for many years before the condition
is diagnosed. The purpose of this
paper is to present a recent case,
review the complications and discuss
the therapy.
Case Report
The patient was a 71-year-old retired
surgeon. In 1957 he had suffered an
acute myocardial infarction. In 1972
acute sigmoid diverticulitis had neces-

sitated a proximal defunctioning col
ostomy. Jejunal diverticula were noted
at operation. The colostomy was sub
sequently closed without bowel resec
tion. In 1973 he suffered a second
episode of acute sigmoid diverticulitis
treated by sigmoid resection and primary
anastomosis.
He presented in July 1977, with left
upper quadrant pain which he had had
intermittently since 1971. The pain oc
curred 1 to 2 hours after meals, was
crampy in nature and associated with
distension. Initially, the pain had occur
red about once a month but before this
admission the attacks were occurring
every 7 to 10 days. Six months earlier
megaloblastic anemia had been diag
nosed; it responded to vitamin B,2 injec
tions. A Schilling test suggested that the
anemia was related to the jejunal diverti
cula and he was started on long-term
tetracycline therapy. About 1 month be
fore admission he had an episode of
severe upper abdominal pain which
radiated to the left shoulder and was
associated with nausea and a temper
ature of 37.7°C. He was treated con
servatively by increased doses of tetra
cycline and was also given ampicillin.
Within a few days the acute attack sub
sided and his temperature returned to
normal. This episode was thought to be
the result of an inflammatory reaction
within one or more diverticula.
Over the previous 5 to 6 years the
patient had had a number of upper
gastrointestinal radiologic examinations
and all showed the jejunal diverticula
(Fig. 1).

On physical examination his pulse rate
was 65 beats/min and regular, the tem
perature was 37°C and his blood pres
sure 145/90 mm Hg. He was very fit
for his age. The findings on examination
of the abdomen were unremarkable
except for a small incisional hernia at
the lower end of a midline incision.
Laboratory test results including com
pete blood count, urinalysis and bio
chemical analysis were all normal as
was the chest roentgenogram. The elec
trocardiogram showed nonspecific ST
segment changes. Upper gastrointestinal
roentgenograms again showed multiple
jejunal diverticula from which the con
trast medium was very slow to empty
(Fig. 1).
Through an upper midline incision,
the involved jejunal segment containing
the bulk of the diverticula was identified
and resected (Figs. 2 and 3). The resected
specimen was 60 cm long and involved
the proximal jejunum beginning about
30 cm from the ligament of Treitz. An
end-to-end anastomosis was performed.
The patient recovered well and was dis
charged from the hospital 12 days after
the operation.
The pathologist reported a 25 cm
length of jejunum containing multiple
diverticula, 1 to 5 cm in diameter, with
dilated vessels over them (Figs. 2 and 3).
The mucosa was thin and the muscle
layer atrophic or absent.
Discussion

Astley Cooper was the first to
describe jejunal diverticula in 1807.3~’
But it was Osier6 in 1881 who first
associated clinical symptoms with the
autopsy finding of jejunal diverticula.
Since then, there have been a number
of reviews of this uncommon condi
tion. The sex incidence appears to
favour men slightly and the highest
incidence is in the seventh and eighth
decades of life. About 50% of those
with jejunal diverticula also have
colonic diverticula. The condition is
thought to be acquired,3,4 the diver
ticula develop on the mesenteric
border between segmental blood ves
sels; the tendency is for multiple
diverticula, which are much like bal
loons, thin walled and with small
openings. The wall is devoid of
muscle and is composed of mucosa,
submucosa and serosa.
Most autopsy studies of jejunal
FIG. 1—Upper gastrointestinal series diverticula
report that few patients
demonstrating jejunal diverticula.
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had symptoms and complications but
this was thought to be due to a lack
of understanding of the disease and
insufficient investigation of the pa
tient.3 Altemeier, Bryant and Wulsin1
reported that 16 of 62 patients with
jejunal diverticulosis were sympto
matic. Of these 16 symptomatic pa
tients, 15 had multiple diverticula.
Of 35 patients with multiple diver
ticula reported by Cooke and assocites,7 29 were symptomatic. This indi
cates that a large percentage of pa
tients with multiple jejunal diverticula
have symptoms. Most of the symp
toms reported were essentially similar
and nonspecific in nature, consisting
of abdominal distension, borborygmus, flatulence, nausea and vomiting,
diarrhea and constipation. These
symptoms, especially crampy abdo
minal pain, were intermittent, usually
periumbilical or in the left upper
quadrant, and generally occurred 1
or 2 hours after a meal. Altemeier,
Bryant and Wulsin,1 found that often
the patients presenting with pain had
been labelled “gastrointestinal crip
ples” or their pain was considered to
be “psychosomatic” and they had
received ineffective treatment for
months or even years.
Physical examination is usually
noncontributory unless the patient is
having marked borborygmi at the
time or is malnourished. The diag
nosis of diverticula can be confusing.
It is usually made by abdominal roent
genograms showing air-fluid levels or
barium in the diverticula. As Cooke
and associates7 have pointed out, the
frequency of diagnosis depends on
the skill and awareness of the radio
logist. The diverticula may be diag
nosed at operation, but can be over
looked as they are hidden by loops of
adherent jejunum, or buried in the
mesentery. Nobles cautioned that the
triad of vague abdominal pain,
anemia of obscure origin and slightly

dilated loops of jejunum, points to sized that this caused jejunal dys
jejunal diverticulosis.
function or jejunal dyskinesia and be
lieved that there was a spectrum of
dyskinesia; the more severe type
Complications
would present with obstruction while
Complications of the condition may the less severe would present with
be the presenting feature. Hemor mild partial obstruction resulting in
rhage from jejunal diverticula is not varying degrees of pain, flatulence,
frequent.8,9 The patient may present borborygmus and abdominal disten
with vomiting of bright red blood or sion. Altemeier, Bryant and Wulsin1
coffee grounds material, with or reported that mild obstruction was
without melena. Cases of moderate the commonest complication, and the
bleeding and shock have been re symptoms of pain and distension be
ported.1 In most cases the bleeding came more severe as the diverticula
stops spontaneously and the diagnosis enlarged. Nobles4 found three cases
is made by upper gastrointestinal of partial obstruction due to inflam
roentgenography with a small bowel matory adhesions surrounding a
follow-through. The diagnosis has diverticulum.
been made by mesenteric angiography
Jejunal diverticulosis has been
and occasionally by laparotomy for found to cause vitamin BI2 deficiency
uncontrolled bleeding. Following an and steatorrhea13 and has also been
initial hemorrhage the probability of implicated in the blind loop syn
further bleeding increases.4
drome.14 There is evidence that stag
Diverticulitis is very rare. Per nation occurs with an overgrowth of
foration of a diverticulum is usually bacteria.15 This results in the accumu
associated with diverticulitis10 and is lation of toxic products causing mal
consequently seldom seen. Perfora absorption, steatorrhea and eventually
tion is into the mesentery and, there iron and vitamin B,2 deficiencies.7
fore, tends to run a limited course. Cooke and associates7 reported a high
The patient in this report had an rate of associated neuropathy. Four
episode of left upper quadrant pain of 12 patients with an associated
with fever and pain radiating to the neuropathy improved with vitamin
left shoulder. This was thought to be B 12 therapy; in the remaining 8, other
due to a pin-point perforation with factors were responsible but all pa
possible tracking of gas into the tients responded to antibiotics or re
mesentery, causing irritation of the section. Patients with malabsorption
diaphragm. Herrington11 reported and vitamin Bn deficiency responded
three cases of perforation following to oral antibiotics especially tetra
closed injury to the abdomen; a case cycline.16
of perforation of a jejunal diverti
culum by a fish bone was reported
Treatm ent
by Fidler.10
Obstruction, also infrequent, was
All the papers reviewed suggest
first reported by Gordiner and Samp that the treatment of choice for com
son.12 Three cases of obstruction plications of jejunal diverticulosis is
studied by Altemeier, Bryant and resection.1'3,4 We, too, recommend
Wulsin1 were attributed to thickened this course and would even advocate
hypertrophied walls of the jejunum prophylactic resection whenever the
associated with a large number of diagnosis is made and the patient is
thin-walled diverticula. They hypothe considered fit for surgery. This would

FIG. 2—Upper jejunum at operation showing many thinFIG. 3—Resected jejunal segment.
walled diverticula.
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Sterile
prevent complications, which, in the
older age group, carry a higher mor
bidity and mortality. Even in patients
with malabsorption and deficiency of
vitamin B i2, resection is curative, pro
vided the patient is not left with an
insufficient length o f small intestine.13
Long-term antibiotic therapy is not
uncomplicated17 and requires good
patient compliance and careful m ed
ical observation.
The operative procedure o f choice
in this condition is resection of the
involved proximal jejunum with an
end-to-end anastomosis. It should be
noted that in resecting the jejunum,
the margins of resection in the m esen
tery should be kept closer to the
mesenteric base to avoid entering any
intramesenteric diverticula. A tech
nique of insufflation of air into the
involved segment to demonstrate the
diverticula has been described by
Altemeier, Bryant and W ulsin.1
When perforation occurs, treat
ment will depend on the size of the
perforation, the amount of peritoneal
contamination and the age and gen
eral condition of the patient. In
general we agree with Fidler,10 who
suggested: (a) resection o f the in
volved bowel if the patient’s condition
is stable and involvem ent not too ex
tensive: (b) resection of the perfor
ated segment only if the patient’s
condition is stable and the bowel is
extensively involved or (c) in old and
very ill patients, invagination of the
involved diverticulum or suture of
the perforation and coverage with
omentum.
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Solu-Medrol

(methylprednisolone sodium succinate)
Action:
Solu-Medrol, like other corticosteroids, exerts its action
by its anti-inflammatory effect.
Indications and Clinical Uses:
Intravenous administration of Solu-Medrol is indicated
in situations in which a rapid and intense hormonal
effect is required.
Shock:
In severe shock adjunctive use of intravenous methyl
prednisolone sodium succinate (Solu-Medrol) may aid
in achieving hemodynamic restoration. Corticoid
therapy should not replace standard methods of
combating shock, but present evidence indicates that
concurrent use of large doses of corticoids with other
measures may improve survival rates. In particular,
large pharmacological doses of Solu-Medrol have been
proven useful in bacteremic or endotoxin shock,
hemorrhagic shock, traumatic shock, and cardiogenic
shock.
Contraindications:
Except when used for short-term or emergency therapy
as in acute sensitivity reactions, Solu-Medrol is
contraindicated in patients with arrested tuberculosis,
herpes simplex keratitis, acute psychoses, Cushing’s
syndrome, peptic ulcer, vaccinia and varicella.
Precautions:
Existence of diabetes, osteoporosis, chronic psychoses,
active tuberculosis, renal insufficiency or predisposition
to thrombophlebitis requires that Solu-Medrol be
administered with extreme caution. In the presence of
infection, the causative organism must be brought
under control with appropriate anti-bacterials, or
therapy with Solu-Medrol should be discontinued.
While therapy with corticoids does not appear to be
contraindicated in pregnancy, caution is recommended,
particularly during the first trimester. Also, newborn
infants of mothers who received such therapy during
pregnancy should be observed for signs of hypoadrenalism and appropriate measures instituted if such
signs are present. Since Medrol, like prednisolone, sup
presses endogenous adrenocortical activity, it is highly
important that the patient receiving Solu-Medrol be
under careful observation, not only during the course
of treatment but for some time after treatment is
terminated. Adequate adrenocortical supportive
therapy including ACTH, must be employed promptly
if the patient is subjected to any unusual stress such as
surgery, trauma, or severe infection. Patients should be
advised to inform subsequent physicians of the prior
use of Solu-Medrol.
There have been a few reports of cardiovascular
collapse associated with the rapid intravenous admini
stration of large doses of Solu-Medrol (greater than
0.5 grams) in organ transplant recipients. The cause
and relation to other medications (i.e., diuretics) is not
known at this time, but physicians should be alert to
this possibility.
Adverse Reactions:
Adverse reactions are not likely to result from short
term intravenous administration of Solu-Medrol, but
may be anticipated if continued therapy with oral or
intra-muscular corticosteroid preparations is to follow.
Medrol has less tendency than prednisolone to induce
retention of sodium and water, and in some cases has
been observed to produce diuresis and an increased
excretion of sodium. Likewise, therapy with Medrol
appears to produce less nervousness and psychic
stimulation than that produced by prednisolone. While
epigastric distress has not been totally lacking in
patients receiving Medrol, the incidence and severity of
this side reaction to date suggest that although Medrol
has an enhanced anti-inflammatory potency when com
pared with prednisolone on a weight basis, the socalled ulcerogenic potential of this corticosteroid is no
greater, and may even be less, than that of
prednisolone.
With the exception of the differences noted in the
preceding paragraph, Medrol is similar to hydro

cortisone and prednisolone in regard to the kinds of
adverse reactions and metabolic alterations to be
anticipated when treatment is intensive or prolonged.
Negative nitrogen balance is usually counteracted by a
high protein intake. In patients with diabetes mellitus,
Solu-Medrol may increase insulin requirements during
the period of administration. Ecchymotic manifesta
tions, while noted only rarely during the clinical
evaluation of Medrol, may occur. Excessive loss of
potassium is not likely to be induced by effective
maintenance doses of Medrol. If such reactions are
serious or distressing to the patient, reduction in
dosage or discontinuance of corticoid therapy may be
indicated. While a retardant effect on wound healing is
seldom encountered, except in high doses, it should be
a matter of consideration when Solu-Medrol is admin
istered in conjunction with surgery.
Symptoms and Treatment of Overdosage:
Single large doses of Solu-Medrol do not have any
apparent toxic effect and require no specific therapy.
Continuous overdosage would require careful gradual
reduction of dosage in order to prevent the occurrence
of acute adrenal insufficiency.
Dosage and Administration:
In treating severe shock there is a tendency in current
medical practice to use massive (pharmacological)
doses of corticosteroids. The following are Solu-Medrol
doses suggested by various authors:
Repeat
Dose
Author
Every 2-6 hours
100 mg
Oaks
100 mg. every 4-6 hours
200 mg
Weil
Every 4-6 hours
250 mg
Melby
Every 24 hours
15 mg/kg
Cavanagh
In 4 hours if needed
Dietzman
30 mg/kg
Therapy is initiated by administering Solu-Medrol
intravenously over a period of at least 10 minutes. In
general high dose corticosteroid therapy should be
continued only until the patient’s condition has
stabilized; usually not beyond 48 to 72 hours.
Although adverse effects associated with high dose
short term corticoid therapy are uncommon, peptic
ulceration may occur.
In other indications initial dosage will vary from 10 to
500 mg depending on the clinical problem being
treated. The larger doses may be required for short
term management of severe, acute conditions. The
initial dose usually should be given intravenously over
a period of at least 10 minutes. Subsequent doses may
be given intravenously or intramuscularly at intervals
dictated by the patient’s response and clinical
condition.
Availability:
As Solu-Medrol (methylprednisolone sodium succinate
in 40 mg and 125 mg Mix-O-Vial; 500 mg and 1 g vial;
with water for injection.
Product monograph is available on request.
References:
1. Lillehei RC, et al (August 1972) Geriatrics, p 81
2. Lillehei RC, et al (1974) In Principles o f Surgery.
2nd Ed. Schwartz SI (Ed), p 133
3. McConn R (1972) Shock in Low- and High-Flow
States. Exerpta Medica, p 28
4. Webb WR (1977) The Organ in Shock. A Scope
Publication, p 16
5. Lefer AM (1974) Circ Shock, 1:165
6. Lieberman A, et al (1977) J Neurol Neurosurg
Psychiat, 40:618
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As the treatment of the patient in shock has progressed
in recent years, various organ
systems have, in turn, been
therW ejak link” limiting
jrecovery. The deterioration
often becomes apparent first
in the kidney where disrup
tion of cellular metabolism
causes acute tubular swelling'
with resulting oliguria
Soon, the pulmonary vascu
lature begins to exhibit a
pattern of interstitial oedema,
pooling of blood in the stag
nant microcirculation and
aggregation of the formed ele

ments of the blood. Diffusion
of oxygen irom the alveoli is
greatly decreased, commonly
resulting in arteriovenous
shunting - a phenomenon in
which blood passes through
the lung without oxygenation.
If the shock state continues,
lysosomal enzymes in jthe
anoxic pancreas trigger the
release of myocardial depres
sant factor (MDF), a vaso
active peptide which can
cause further deterioration of
the microcirculation.

Although cerebral blood flow
is maintained early in shock
at the expense of the other
organs, this state of adequate ^
perfusion does not persist for
long. Relatively soon, avail- ^
able oxygen becomes crit- (
ically low, and the brain, too,
turns to anaerobic metabo
lism. Lactate acid levels rise
and fluids leak into the in- ^
testitial spaces. Continued i
oxygen deprivation threatens
both the cellular integrity of '
the brain and the central ner
vous system function.
1
Once shock has progressed
beyond its early stage, fluid
administration alone is usu'

severe shock threatens each link in the
body’s chain of organ systems
Solu-Medrol exerts a protective effect on the cell
to preserve tissue function and increase survival rates
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The management of lung abscess
continues to challenge both physicians
and surgeons. The experience at the
Toronto General Hospital over a
50-year period (1926 to 1975) has been
analysed to define the challenge and
to clarify current recommendations
for treatment. The 415 patients
studied were divided into three
sequential chronologic groups that
illustrate the initial impact of antibiotic
therapy and later appreciation of
the pathogenetic importance of
aspiration and anaerobic infection.
Although cure rates increased
dramatically (from 30% to 61%)
between 1936 and 1954 with the advent
of antibiotics and the decrease in
mortality was equally striking (from
47% to 21%), the recent statistics
are not as encouraging. In the current
period (1962 to 1975), the cure rate
with medical treatment has risen from
61% to 73%, and with surgical
therapy from 81% to 89%. Unfor
tunately, the overall mortality has
increased from 12% to 25%. The
mortality with medical treatment has
increased from 10% to 27% but, in
contrast, the surgical mortality
continues to decrease (14% to 11%).
The increased mortality with medical
treatment is important. Prolonged
antibiotic therapy is frequently
necessary, but when resolution is not
progressing or when complications
ensue, operation must not be delayed.
Le traitement de I'abces pulmonaire
continue de defier medecins et
chirurgiens. [.’experience acquise au
Toronto General Hospital au cours
d’une periode de 50 ans (de 1926 a
1975) a ete analysee afin de definir
ce defi et de clarifier les recommandations courantes pour le
traitement. Les 415 patients
etudies ont ete divises en sequence
chronologique selon trois groupes de
From the division of thoracic surgery,
Toronto General Hospital, Toronto, Ont.
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facon a illustrer i'impact initial de
I’antibiotherapie puis I’appreciation
subsequente de I'importance
pathogenetique des infections par
aspiration et des infections a
bacteries anaerobies.
Bien que le taux de guerison ait
augmente de maniere dramatique
(de 30% a 61%) et que la mortalite
ait baissee de facon tout aussi
marquee (de 47% a 21%) entre 1936
et 1954 avec I’arrivee des antibiotiques,
les statistiques recentes ne sont pas
aussi encourageantes. Dans le groupe
actuel (de 1962 a 1975), le taux de
guerison avec le traitement medical
a passe de 61% a 73% et, avec la
chirurgie, de 81% a 89%. Malheureusement, la mortalite globale a passe
de 12% a 25%. La mortalite avec le
traitement medical s'est accrue de
10% a 27% mais, par opposition,
la mortalite apres chirurgie continue
de diminuer (de 14% a 11%).
L’augmentation de la mortalite
associee au traitement medical est
importante. Une antibiotherapie
prolongee est souvent necessaire,
mais quand il n’y a pas d’amelioration
ou que des complications surviennent,
('intervention chirurgicale ne doit pas
etre retardee.
Lung abscess has always presented a
challenge to both physicians and
surgeons in view o f the long duration
o f the illness, an impressive mortality
and the diagnostic and therapeutic
problems involved. Previous reports
have illustrated these points.1-3 W e
reviewed the Toronto General H os
pital experience over the past 50
years (1926 to 1975), which cover
the preantibiotic and antibiotic eras.1-3
Fascinating changes have occurred
during this period and it is only re
cently that the situation has been
clarified and patient management be
come relatively standardized.

mortality was alarming although com 
bined medical and surgical treatment
did seem to be o f great benefit when
indicated. The postaspiration type
was originally considered to be caused
by anesthesia.
Early experience with antibiotic
therapy was rewarding since the cure
rate doubled (from 30% to 6 1 % )
and the mortality was reduced by
more than half (from 47% to 2 1 % )
when compared with the results of
earlier series (Table II). When resec
tion was carried out in the first 6
years o f the antibiotic era, the cure
rate reached 81% (Table I I I) with
an actual operative mortality o f less
than 2% .
General therapeutic principles be
came established by the mid-1950s.
Initial medical treatment was indi
cated, but if the abscess did not
resolve within 2 to 3 weeks, surgical
treatment was resorted to, particularly
if complications developed. However,
the overall picture remained unsatis
factory— only 67% o f patients were
cured and 12% died (Table III).

Table I—Causes of Lung Abscess at the
Toronto General Hospital*
Period

Cause

Aspiration
Idiopathic
Pneumonic
Embolic
Miscellaneous

THE CANADIAN JOURNAL OF SURGERY

30
22
35
10
3

30
33
19
7
11

38
36
22
4

—

‘ Numbers are percentages.

Table I I — Rate of Cure and M ortality in
Patients with Lung Abscess at the
Toronto General Hospital

The Past
Initially, there appeared to be three
main types o f abscess (postpneumonic, postaspiration and idiopathic),
each accounting for approximately
one third o f cases (Table I). The

1926-1936 1933-1940 1943-1954
(n = 98) (n = 106) (n = 135)

R ate, %
Period
1926-1936
1933-1940
1943-1954

No. of
patients

Cure

M ortality

98
106
135

30
54
61

47
34
21
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Consequently, further improvement
had to be sought.

had been contaminated by passage
through the upper respiratory tract
and were subsequently reported as
containing normal oral flora. Second,
improper techniques were used to
obtain and process anaerobic sam
ples.6
Finally, it was realized that aspira
tion and anaerobic infection go hand
in hand (Table IV). In retrospect the
initial improvement in treatment
owing to the administration of anti
biotics was quite fortuitous since
penicillin, which was the only drug
commonly used at the time, was
effective against anaerobic organisms.
Evidence slowly accumulated which
demonstrated the effectiveness of
prolonged use of appropriate antibio
tics selected on the basis of clinical
experience and the organisms grown
in anaerobic culture and their sen
sitivity.7,8 If treatment could be
started in the acute stage and con
tinued safely, most abscesses would
respond to medical treatment alone.9
Therefore, complementary operative
treatment is now required less fre
quently (only 12% of patients)
although it is still indicated for un
controlled acute disease and for the
complications that occur in both the
acute and chronic stages of the
disease (Table V).
The insidious clinical development
of the disease with its periodic exa
cerbations due to incomplete internal
drainage remains typical. Conse

The Interim

Pathogenesis was clarified when
Brock4,5 demonstrated that aspiration
probably was responsible for most,
if not all, of the idiopathic cases of
lung abscess. He showed that 85%
of these patients also had oropha
ryngeal or paranasal sinus infection
and postulated that the cause of the
lung infection is aspiration of tiny
particulate matter during sleep. The
minute particles remain suspended in
the air stream to reach peripheral
locations, thereby explaining the subpleural site of the abscess. Cultures
of material obtained from the abscess
and from the area of oropharyngeal
disease grew similar organisms. The
typical location of the abscess was in
the posterior parts of the upper and
lower lobes (posterior segment of
upper lobes and superior segment of
lower lobes) because these segments
are most dependent in the recumbent
and lateral positions.
Subsequently, a further, and equally
important, advance was made in our
knowledge of the pathogenesis of
these lesions when it became ap
parent that anaerobic organisms were
primarily involved. This clarification
was delayed for several reasons. First,
undue reliance had been placed on
sputum cultures in which samples

Table Ill-T r e a tm e n t and Results in 143 P atients with Lung Abscess Seen at the
Toronto General Hospital between 1943 and 1954
Rate, %
No. of
patients

Treatm en t
M edical alone

P reantibiotic
era (1943 48)

A ntibiotic era
(1949-54)

Cure

M ortality

31

48
32
61

22
35
10

57

49
81
52
67

22
14
23
12

59
28

Surgical
Drainage
Resection
Combined medical and
surgical (n = 143)

41
43
86

quently, there may be no opportunity
to treat the lesion in its acute stage
since the process may already have
progressed to the chronic stage by
the time the abscess is detected. In
this event, the improvement following
medical treatment may be incomplete
and operative intervention warranted
in the attempt to effect a cure.
Accompanying these reappraisals
there was continuing improvement in
cure rates and in mortality. By 1963,
Bernhard, Malcolm and Wylie10 were
able to report an overall mortality
of 9% with a 6% rate following
operative intervention. However, by
1974, the mortality was disturbingly
high; Chidi and Mendelsohn” re
corded a mortality of 17%, with
rates of 20% for medical treatment
and 5% for surgical treatment. These
statistics clearly substantiate the im
pression that lung abscess is by no
mean a benign disease process. It
requires careful appraisal and a
clearly defined therapeutic approach.
The experience at the Toronto
General Hospital in the most recent
series (Table V) forces similar con
clusions. The overall cure rate has
increased from 67% to 75%, the
cure rate with medical therapy from
61% to 73% and following operative
treatment from 81% to 89%. Al
though these results seem encourag
ing, the overall mortality has risen
from 12% to 25% and with medical
treatment from 10% to 27%. The
postoperative mortality continues to
improve, having fallen from 14%
to 11%.
The rising mortality with medical
treatment alone is important, parti
cularly in view of the improving sur
gical experience. One must not be led
astray by the fact that prolonged
medical treatment may be productive
or the opportunity for surgical salvage
may be lost.
The indications for operative in
tervention therefore need careful
appraisal.
The Present

Table IV — Causes of Lung Abscess a t the
Toronto General Hospital between
1962 and 1975
Cause

No. of patients (and % )

Aspiration
Idiopathic
Pneumonic
Embolic
M iscellaneous

48 (63)
—
17 (22)
9 (12)
2 (3)

Total

76 (100)
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Table V— Rate of Cure and M ortality in
Patients w ith Lung Abscess Seen at the
Toronto General Hospital between
1962 and 1975
Rate, % (and no.)
Treatm ent
Medical
Surgical

No. of
patients

Cure

M ortality

67
9

73 (49)
89 (8)

27 (18)
11 (1)

76

75 (57)

25 (19)
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A currently acceptable classifica
tion of lung abscess, as a funda
mental basis for intelligent manage
ment, is now required. Because
anaerobes are the responsible organ
isms in 85% to 90% of all lung
abscesses, the classification must re
flect the prevalence and preponder
ance of the aspiration of anaerobic
organisms as the most important
factor in the cause of this condition
(Table VI).
There is a new element to be
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patients with oropharyngeal sepsis.
The end result depends on the num
ber and virulence of the organisms
and the host’s effectiveness in com
bating the inoculum. In most cases,
the abscess will resolve spontane
ously, but if host resistance is im
paired, a lesser inoculum may pro
duce disease which will progress
unchecked unless it is immediately
treated. Early surgical intervention
may be required more frequently to
ensure adequate treatment in these
cases.
Not only is a new classification im
portant, but responsible microorgan
isms must be identified more com
pletely if medical treatment is to be
effective. The fact that aspiration and
anaerobic infection are responsible
for most lesions provides an accept
able basis for the choice of antibiotics
to be used until the specific organism
is identified.
The primary abscesses lack the
typical indolent periodic course of the
more common postaspiration lesions.
Their onset tends to be sudden and
more ominous producing chills and
fever and the common concomitants
of increased pulse and respiratory
rates, unremitting production of
purulent sputum and a more diffuse
radiologic picture. They are not char
acteristically localized within the
posterior segments of the upper lobes
or the apical segments of the lower
lobes. Rarely is the sputum mal
odorous, whereas the indolent course
of anaerobic infection, which delays
recognition until a frank abscess has
developed (usually 1 to 2 weeks after
initial aspiration), explains the putrid
sputum which is commonly present in
the chronic stage in 40% to 60% of
patients. It must be emphasized that

considered in assessing the patho
genesis of the remaining lesions.
Although primary infections produc
ing consolidation may progress to
abscess formation (e.g., Friedlander’s
or staphylococcal pneumonia), most
of these lesions are secondary in type
and are usually associated with pre
existing pathologic conditions (Table
VI). These predisposing factors may
be related to local interference with
blood supply,12 with previous cavita
tion or excavation or to depletion of
host resistance following specific im
munosuppressive drug therapy.13 In
opportunistic infections (Table VI)
there is another difference from the
lesions due to aspiration. Obviously,
lung abscesses do not develop in all

Table VI—Classification of Lung Abscess
Aspiration
Gingival and oral sepsis
Paranasal sinusitis
Coma or stupor (diminished cough reflex)
Alcoholism
Drugs
Diabetes
Central nervous system diseases
(tumour, stroke, epilepsy)
Anesthesia
Cardioesophageal reflux
Foreign body
Impaired tracheobronchial “ toilet”
(smoking-induced squamous
metaplasia)
Opportunistic infection
Steroid therapy
Immunosuppression
Antibiotic therapy
Chemotherapy
Secondary
Pre-existing cavitary lesion
Necrotic tumour
Necrotic infarct
Primary
Staphylococcal pneumonia
Friedlander’s pneumonia

Table VII—Pathogenesis of Aspiration Lung Abscess
Aspiration

although a putrid odour is almost
pathognomonic of an anaerobic infec
tion, it is not usually present (in only
5% ) at the stage of aspiration pneu
monitis.
If successful treatment is to be
planned to take advantage of this in
formation, there must also be a clear
understanding of the pathologic pro
cesses that take place (Table V II). In
particular, immediate treatment is
emphasized since healing by resolution
can only take place if effective treat
ment is initiated during the acute
stage when obliteration of the cavity
can occur.
Once a chronic abscess has de
veloped the thick wall may pre
vent collapse of the cavity even if
surgical drainage is provided; epitheli
alization may allow the cavity to
persist even if it is collapsed and ac
companying ectatic changes in the
draining bronchi will result in con
tinuing complaints even if the original
cavity can be obliterated. Cure is only
accomplished by complete evacuation.
This requires dependent drainage or
collapse of a thin cavity wall by ex
pansion of the surrounding aerated
parenchyma. Rarely, if ever, do the
bronchiolocavitary fistulas develop at
the most dependent area of the
abscess and, in addition, the com
munications are small and frequently
occluded by edem a. or impaction of
debris. This explains the periodic
nature of the clinical syndrome with
relief of complaints each time erosion
into another bronchiole takes place,
allowing partial emptying of the con
tents, followed by exacerbations when
ever the fistulas are occluded. Conse
quently, complete evacuation will oc
cur only if the thin wall of the abscess
allows compression collapse with
obliteration of the space when the
contents can be expressed through the
available bronchial communications.
Sputum will be present during the
drainage phases and the cough rela-

+

Atelectasis

+

Obstructive pneumonitis
+
Necrosis
(bacterial proliferation)
and
Suppuration
(leukocytic invasion)

t

Acute abscess
Chronic abscess:
Thick fibrotic wall
Bronchocavitary fistula
Epithelialization of lining
Localized bronchiectasis
Inadequate drainage

Resolution:
Bronchocavitary fistula
Evacuation of contents
Expansion of lung
Collapse of cavity
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Table V III—Principles of Management
of Lung Abscess
Identification of etiologic agent
Prolonged antibiotic therapy
Provision of adequate drainage in the
acute stage by:
Physiotherapy
Postural drainage
Percussion
Breathing exercises
Coughing exercises
Bronchoscopy
Diagnostic (endobronchial lesion)
Suction drainage
Emergency surgical treatment
External drainage
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tively nonproductive during the re
current episodes of increased toxicity.
Therefore, in the acute stage (Table
V III) it is mandatory that drainage
be adequate. Physiotherapy and parti
cularly postural drainage are essential.
Drainage by catheterization through
the fiberoptic bronchoscope has been
reported14,15 but we have not been able
to drain abscesses effectively by this
technique. Nonetheless, it warrants
further study for emergency situations.
External surgical drainage is oc
casionally required in the emergency
m anagem ent of life-endangering and

Fig. la

progressively enlarging, acute ab
scesses when definitive resection is
contraindicated because of the pa
tient’s deteriorating condition.
Case Reports

Case 1
A 58-year-old woman had fulminating
pneumonia of the upper lobe of the right
lung (Fig. la). One week later she was
admitted to hospital in a debilitated state
(Fig. lb). She required ventilatory as
sistance for 3 days.
Initially gentamicin (80 mg q8h) was
prescribed. Penicillin (4 million units
q4h) was given at the time of admission.
Culture of her sputum grew Klebsiella
organisms, Streptococcus pyogenes, Sta
phylococcus aureus and Hemophilus in
fluenzae. Antibiotic therapy was there
fore changed to tobramycin (80 mg q8h,
initially, increasing to 100 mg q8h). Carbenicillin (5 g q4h) also was given
intravenously.
Ten days after admission the patient’s
general condition had deteriorated.
Radiologic cavitation had increased (Fig.
lc). Bronchoscopic examination showed
no obstructing tumour. The patient was
completely anergic to recall antigens.
Hyperalimentation was started.
Rib resection and multiple tube drain
age (Fig. Id) were carried out. Within
10 days her fever had subsided (Fig.
le) so antibiotics were discontinued. De

Fig. Id

finitive resection of the destroyed lung
was planned for this patient.
Surgical treatment may be of emer
gency or definitive type (Table IX ).
When an acute abscess is complicated
by a bronchopleural fistula with em
pyema, emergency drainage may be
the treatment of choice, although, if
the patient’s general condition permits,
thoracotomy with resection and de
cortication (debridement) of the re
maining lung may provide more effec
tive and potentially curative therapy.
As always, when operating in infected
fields, care must be taken to ensure
obliteration of the space and firm
closure of any bronchial suture lines.
Case 2
A 23-year-old man with diabetes of
Table IX— Indications for Surgical
Treatment of Lung Abscess
Acute stage (emergency)
Complications
Bronchopulmonary fistula
Empyema
Chronic stage (definitive)
Persistent symptoms and signs
Recurrent complications—
hemoptysis

Fig. le

FIG. 1—Case I. Emergency drainage for acute lung abscess.
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juvenile onset was admitted to hospital
with cough, hoarseness and radiologic
evidence of a cavitary lesion in the apical
segment of the lower lobe of the right
lung. The tuberculin skin test gave a
positive result. Initially the patient was
treated with streptomycin (1 g/d), isonicotinic acid hydrazide (300 mg/d) and
ethambutol (1200 mg/d). A few days
after admission he became extremely ill,
with a body temperature spiking to
39° to 40°C, diabetic acidosis and im
pending coma. Roentgenograms showed
increasing cavitary destruction with multiloculated excavations within the lower
lobe of the right lung. Treatment was
changed to cloxacillin (2 g q4h) and
gentamicin (100 mg q8h).
One week after admission intrapleural
rupture of the abscess occurred with
empyema and a tension pneumothorax
complicating a large bronchopleural fis
tula. Closed drainage was carried out,
but the lung failed to expand and a
major air leak persisted with copious
drainage of purulent material.
Closed drainage for 3 weeks resulted
in improved control of his diabetes,
resolution of systemic complaints and
recovery of his appetite. However, pul
monary collapse and the large air leak
persisted. Routine culture of the empy
ema fluid grew organisms similar to
those in the mouth and sputum. An
aerobic cultures were not helpful. No
dominant microorganisms were iden
tified on Gram-staining. Because pul
monary collapse and the bronchopleural
fistula persisted and because of his
diabetes and the fear that uncontrolled
disease would eventually overwhelm his
immunocompetence, he was operated
upon.
He received massive doses (5 million
units q6h) of penicillin preoperatively.
The operation included a right lower
lobectomy, decortication of the upper
lobe and protection of the bronchial
stump with an intercostal muscle bundle
graft. Since it was essential to obtain
prompt obliteration of the pleural space,
a temporary phrenic crush was per
formed 1 cm above the diaphragm.
Complete expansion of the lung was
achieved immediately. The fever prompt
ly subsided. Control of the diabetes was
restored. The patient made a rapid and
complete recovery. He remained well 8
months after discharge.

Therapy of the primary abscess,
particularly if complications have
developed (Table X) commonly in
volves pulmonary resection, either in
the acute or in the chronic stage.
Case 3

excavation (Fig. 2, a to c). These
were associated with increasing cough,
purulent sputum and fever.
She underwent a definitive operation
which included right upper and middle
lobectomy with phrenic crush (Fig. 2,
d and e). Her postoperative recovery
was smooth and she was well 1 year
later.

A 59-year-old diabetic woman had
consolidation of the upper lobe of the
right lung with abscess formation.
Sputum cultures grew Klebsiella organ
isms. Ampicillin (1 g q6h), Keflin® (2 g
q4h) and Garamycin® (80 mg q 8 h )
were given. Her diabetes became in
creasingly difficult to control. The dis
ease progressed and 2 weeks after its
onset she was hospitalized. Repeat cul
tures again grew Klebsiella organisms.
Gentamicin (80 mg q8h) was prescribed
on the basis of sensitivity tests. Two
weeks after admission roentgenograms of
the chest showed progressive destruction
of pulmonary parenchyma and loculated
W.S. 8 JUL 7T

Fig. 2c

W.S. 6 .iUl 77

Fig. 2a

j

Table X—Indications for Surgical
Treatment of Complications of
Lung Abscess
Initial diameter > 6 cm
Persisting fever and toxicity > 2 wk
Chronicity Duration > 6 -8 wk
Other radiologic signs
Thick wall
Local ectatic changes
Possible carcinoma
Recurrent hemoptysis
Bronchopleural fistula and empyema
(? septic emboli)
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Fig. 2b
FIG. 2— Case 3. Pulmonary resection
for progressive pulmonary destruction
with multiple abscesses (failure of med
ical therapy to control infection).
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Fig. 2e
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Comment

When supplementary surgical treat
ment is considered, the indications
(Table X) include not only progres
sive destruction in the acute stage and
the later chronic changes, but also
the serious complications of hemo
ptysis16,17 and extension to the pleural
space. External drainage may still be
warranted occasionally for uncon
trolled acute disease, but far more
commonly resection is carried out in
the chronic stage when a cure has not
been accomplished by medical man
agement.
Therapeutic concepts must be based
on an appreciation of the patho
genetic mechanisms and the sequen
tial pathologic changes if the prin
ciples of management are to be
properly applied. Therapy can be
preventive within this context. Al
though not discussed in this review of
surgical implications, one must not
forget that many of the processes by
which the pulmonary defence mechan
isms (glottic closure, cough reflex,
mucociliary carpet and alveolar ma
crophages) are overwhelmed can be
avoided by careful prophylactic treat
ment, provided specific risks are re
cognized. This is particularly true for
the aspiration phenomenon, in which
predisposing factors can be elimin
ated. These include oropharyngeal
sepsis, a depressed cough reflex or
massive “soilage” resulting from cardioesophageal reflux.

Finally, although bacteriologic iden
tification of causative organisms re
mains an important basis for the
selection of appropriate antibiotics, a
reasonable presumptive diagnosis of
anaerobic sepsis can be made on
clinical grounds. Sputum examination
is not necessarily misleading. Mal
odorous sputum, Gram-stained, may
be very helpful for diagnosis. This is
particularly true when the clinical
course and the radiologic localization
are typical and when other possible
pathogenetic mechanisms can be iden
tified in the absence of evidence of
primary pulmonary disease.
Far from usurping the role of sur
gical treatment, the limitations that
colour even the most intelligent use
of medical measures make it more
important than ever that the indica
tions for surgical intervention be
clearly enunciated.
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to diagnose because the herniated
liver may be mistaken for an elevated
intact diaphragm on roentgenograms.
Liver-lung scanning has been found
useful in the diagnosis of this
condition in the latent phase following
rupture and this is illustrated by
the authors in their report of a 48year-old man who had a right-sided
diaphragmatic injury. The patient
was treated successfully by surgical
repair of the diaphragmatic tear.
La rupture de I'hemidiaphragme droit
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est rare et peut etre difficile a
diagnostiquer puisque le foie hernie
peut etre confondu avec un diaphragme
eleve intact a la radiographie. La
tomographie hepatique et pulmonaire
s’est montree utile pour le diagnostic
de cette affection dans la phase
latente qui suit la rupture. Les auteurs
en font I'illustration dans le rapport
d'un homme de 48 ans ayant subi une
blessure diaphragmatique du cote droit.
Le patient fut traite avec succes par
reparation chirurgicale de la dechirure
diaphragmatique.
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Industrial and high speed motor
vehicle accidents have increased the
frequency of diaphragmatic injuries.
Left-sided injuries outnumber those
of the right side 19 to l 1'* and are
easily diagnosed with plain films
of the chest and abdomen; the diag
nosis may be confirmed by contrast
studies of the gastrointestinal tract.
A right-sided lesion is more difficult
to delineate because the herniated
liver may be mistaken for an elevated
intact diaphragm. Roentgenography
with pneumoperitoneum and barium
meal may help to establish the diag
nosis.3 The following case report
demonstrates the value of liver and
liver-lung scanning in making the
diagnosis of right-sided diaphragmatic
ruptures.
Case Report
A 48-year-old construction worker
suffered a compression injury to the
right upper quadrant of the abdomen
when he was caught between a moving
elevator and a platform. At a local
hospital a chest roentgenogram showed
multiple posterior rib fractures with
hemothorax. Seven thoracenteses were
performed over a period of 15 days
and on each occasion only 50 to 100
ml of serosanguineous fluid was ob
tained. Four weeks after injury the
patient was discharged and referred to
the Royal Victoria Hospital in Montreal
for management of radiographic abnor
malities on the right side of the chest.
The findings on physical examination
were unremarkable, except for percus
sion dullness and absence of breath
sounds in the right lower lung field.
Hemogram, biochemical values and
arterial blood gas levels were all normal.
A chest roentgenogram showed opaci
fication of the right lower lung field

and this did not change in the lateral
decubitus position. A combined liverlung scan was obtained and was inter
preted as showing a ruptured right
diaphragm with liver herniation (Fig. 1).
A right thoracotomy was performed.
There was a tear of the central tendinous
portion of the right hemidiaphragm
extending to the esophageal hiatus. The
right lobe of the liver and the gall
bladder were on top of the edge of
the diaphragmatic tear. The liver was
generally adherent to the edge of the
diaphragm, although there were gaps
through which intestine could have
entered the thoracic cavity. The lower
lobe of the right lung was completely
atelectatic. The incarcerated liver was
returned to the abdominal cavity and
the diaphragmatic hernia repaired. A
postoperative roentgenogram showed
re-expansion of the lower lobe of the
right lung and motion of the right
hemidiaphragm.
Discussion
According to the clinical presenta
tion, traum atic rupture of the dia-

phragm can be divided into three
phases, the acute phase, the latent
phase and the obstructive phase. O ur
patient was in the stable latent phase,
5 weeks after injury. This injury
would likely have progressed; surgical
repair of all diaphragm atic hernias
is m andatory even when the hernia
is asymptomatic.
The liver—lung scan obviates the
potential problems of radiologic stu
dies using barium and the morbidity
of celiac arteriography and pneum o
peritoneum . It is a noninvasive test
which effectively rules out the pos
sibility of a loculated pleural effusion
or hem othorax, and subphrenic col
lection of fluid. Its use in suspected
right-sided diaphragm atic rupture is
therefore strongly recommended.
Thoracotom y is recommended for
a latent-phase lesion and laparotom y
for an acute-phase rupture because
of associated intra-abdom inal injury
in the latter phase. The ease of repair
of the right hemidiaphragm through
the chest supports this approach to
right-sided lesions in the latent phase.
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BOOK REVIEWS
AESTHETIC SURGERY. Trouble: How
to Avoid It and How to Treat It.
Edited by Eugene H. Courtiss. 277
pp. Illust. The C.V. Mosby Company,
Saint Louis, 1978. $44.25. ISBN 08016-1060-5.

Unfavourable results of aesthetic surgery
have been with us for many years but
it is only recently that two texts have
been published dealing exclusively with
this problem. Unfavourable results in
plastic surgery are discussed in one ex
tensive volume, and another, small
volume, has dealt with the problems in
volved with aesthetic surgery.
This book edited by Eugene H.
Courtiss, deals with the entire gamut of
complications in aesthetic surgery. The
contributors are, of course, leaders in
their field.
This text is readable and all chapters
are constructed in a similar manner: dis
cussion of the trouble, followed by a
note on how to avoid it and how to
treat it. At the end of the chapter is the
editor’s perspective on the topic, always
concise and to the point, injecting a
personal flavour to the chapter and to
the book as a whole.
I found the book very informative,
frank and easy to read. The illustrations
are adequate and sometimes humorous,
as in the chapter on malpractice. The
references at the end of each chapter
are adequate for those who wish to
pursue the topic further.
I would not hesitate to recommend
this book to any surgeon practising
aesthetic surgery.
Stanley S. L abow , bph , m d ,
FRCS[C , FACS

Riverside Hospital,
Ottawa, Ont.
ADVANCES IN SURGERY. Vol. 12,
1978. Edited by Charles Rob, James
D. Hardy, George L. Jordan, Jr. and
others. 419 pp. Illust. Year Book
Medical Publishers, Inc., Chicago,
1978. Price not stated. ISBN 0-81517366-0.

For those familiar with this series it is
sufficient to say that the 1980 edition
once again provides an interesting over
view of what is new in surgery and
maintains the excellent reputation earned
by the earlier volumes. For those who
are not familiar with the series, it should
be noted that this volume is not a com
pendium of surgical research papers, but
rather a select review by experienced
surgeons of advances in the practical
aspects of surgical diagnosis and man
agement. Charles Rob and his col
leagues have done an excellent job in
bringing together in one volume a series
VOLUME 23, NO. 3 M A Y 1980
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of contributions, each of which demon
strates in a readable way the current
state of the art on a high profile
surgical topic.
The current status of the vascular
diagnostic laboratory is well presented
without resort to highly technical infor
mation. It has become increasingly ap
parent that any peripheral vascular
surgical service should have access to
the facilities of a diagnostic laboratory;
any vascular surgeon interested in setting
up such a facility will find here some
practical guidelines on the relative value
of the various diagnostic procedures
available. Quite correctly the authors
emphasize the importance of ultrasono
graphy, plethysmography and regional
limb pressure measurements as being
useful vascular diagnostic aids which
are easily understood and can be carried
out with minimal technical help.
A section on hormonal influences on
gastric secretion is concise and brings
the reader up to date in this field of
gastric physiology that is so important
to general surgeons. All the important
gastrointestinal hormones involved in
gastric secretion are mentioned and their
respective roles put in perspective.
The treatment of perforateddiverti
cular disease of the colon is still a con
troversial subject. The authors describe
possible alternatives in management,
present their experience with 95 patients
and then formulate a proposed plan of
management that is well balanced and
reflects their own experience.
Of particular interest is the section on
hemorrhoids, fistulas and fissures: office
and hospital management. The authors
cover the spectrum of possible ap
proaches to these common diseases in
cluding all the newer and increasingly
popular outpatient procedures.
The sections on the development of
cancer in transplantation patients and
on metabolism during the hypermetabolic
phase of thermal injury will be of in
terest to a smaller readership but they
are comprehensive and would form a
valuable reference source. Renovascular
hypertension is described and the limited
indications for surgical intervention are
discussed in detail. The authors take a
fairly aggressive approach although it is
still difficult to delineate clearly those
patients in whom reconstruction will be
useful.
The idea of “therapeutic radiology”
was at first treated somewhat humor
ously, but now that it is an established
fact, it is interesting to see a section by
contributors from Sweden entitled “Ther
apeutic technique1, in d 'agnostic radio
logy”. The vario, m - mvers involving
catheters which have therapeutic and
diagnostic roles are described and
evaluated.
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The section on surgical management
of parotid tumours from the Mayo Clinic
in fact constitutes a useful monograph
on the subject.
F.B. Cockett from London contributes
a section on ulcers of the leg. The
common venous problems are described
but of perhaps greater interest is the
section on nonvenous ulcers which so
often present diagnostic problems.
The final section of the book is
devoted to an extensive analysis of the
current status of coronary artery surgery.
The authors are good raconteurs but
they recognize that some of the most
important questions concerning this type
of surgery are still not answerable from
existing data.
This book is well indexed and, in
addition, each section carries an exten
sive bibliography which enables the
book also to serve as an important
source of reference.
C harles J. W right , m b , fr c s .
frcs (edin ), fr cs [c ]

Department of surgery,
University Hospital,
University of Saskatchewan,
Saskatoon, Sask.
CELL
DIFFERENTIATION
AND
NEOPLASIA. The University of Texas
System Cancer Center, M.D. Ander
son Hospital and Tumor Institute
30th Annual Symposium on Funda
mental Cancer Research. Edited by
Grady F. Saunders. 549 pp. Illust.
Raven Press, New York, 1978. $39.50.
ISBN 0-89004-200-4.

During the past 25 years our knowledge
of cellular physiology, biochemistry and
genetics has greatly increased and has
helped our understanding of the cancer
cell. The branches of cell biology most
likely to benefit cancerology are those
attempting to gain a better insight into
the mechanisms of embryologic cell dif
ferentiation which give rise to the vari
ous

adult types

of

tissue,

and

the

delicate concomitant process or organo
genesis which results in a harmoniously
proportioned new individual. Repair pro
cesses, immunologic defence and regular
tissue replacement are also a part of this
process. It requires a precisely tuned
mechanism of intercellular interactions,
while neoplasms, in contrast, manifest
themselves as genetically controlled
aberrations of such processes.
The contributors to this book are
internationally recognized leaders in
their fields of research, and the collec
tion of papers gives a revealing insigh,
into their present state of thinking.
Several contributors have evidence in
dicating that the expression of malig305

nant properties is confined to precursor
cell populations and that the fully dif
ferentiated cell progeny is immune to
malignant transformation. This is demon
strated in a series of models and by a
variety of independent arguments: in
murine breast carcinoma and teratocarcinoma; in familial nervous tissue
tumours of man such as retinoblastoma,
neuroblastoma, pheochromocytoma, neu
rofibromatosis, medulloblastomas and
various gliomas; in plasma cell myeloma
and leukemia; in hepatomas and in
pancreatic carcinomas.
Cell membrane proteins are of car
dinal importance in the regulation of
cell—cell interaction; a sound paper by
B.A. Cunningham and associates de
scribes the structure of H-2 antigen and
its mechanism of recognition by other
cells, for instance in immunologic recog
nition of the tumour cell. Another paper
deals with the modulation of these cell
membrane proteins by the cytoskeletal
apparatus and the changes in this appa
ratus when there is transformation to
malignancy.
Several contributions deal with the
control of cell proliferation and differ
entiation such as that occurring in the
hematopoietic process of bone marrow,
a-fetoprotein expression in liver, the
murine erythroleukemic system and
pancreas development. A series of papers
is devoted to molecular mechanisms of

gene expression. One paper thus de
scribes how chromosomal proteins, inter
calated between the DNA, play a
leading role in the transcriptional
inactivation of genetic information
during differentiation. While one frac
tion of these proteins, the histones, plays
an important part in the structure and
function of chromatin, it does not pos
sess sufficient heterogenicity and speci
ficity for gene regulation. The other
fraction, the non-histone chromosomal
proteins, however, has specific DNAbinding properties and can now be
studied in revealing detail by immuno
logic means. Another series of papers
describes the stage-specific synthesis of
differentiation-specific proteins in situa
tions such as oogenesis, early embryogenesis and spermatogenesis.
A highlight of the book is Beatrice
Mint’s description of her now famous
experiments on creating allophenic mice
by fusing two early mouse blastulas
and implanting the combined embryos in
a pseudopregnant female mouse. The
resulting chimeric animals are ideal for
the study of the genetic expression of
neoplastic susceptibility. In another
series of experiments the fusion of a
malignant mouse teratocarcinoma cell
into a normal blastula induces the
malignant cell to return to normal, in
dicating that the expression of malignant
behaviour also depends on some permis

sive conditions created by the normal
neighbouring cells.
In summary, this book is valuable to
anyone seriously interested in the basic
mechanisms of cancer.
G uy J. L aroye,

md, frcp [c]

Department of pathology,
The Princess Margaret Hospital,
Toronto, Ont.
PATHOLOGIE CHIRURGICALE. 3rd
ed. Comite de patronage: A. Sicard,
J. Mialaret, M. Roux et mitres. Co
mite de redaction: J.-P. Cachera, J.
Cukier, G. Lavarde et autres. 1520 pp.
Illust. Masson, Paris, 1978. Prix non
mentionne. ISBN 2-225-70235-7.

II y a quelques mois paraissait chez
Masson la troisieme edition du traite de
pathologie chirurgicale. Plus de 76 collaborateurs, originaires de France, du
Canada, de Suisse, de la Belgique et de
l’Afrique francophone ont fourni leur
concours a cette oeuvre scientifique. Ils
ont su mettre en commun leurs connaissances et realiser un type d’ouvrage
populaire de ce cote-ci de l’Atlantique,
celui du “text-book”.
L’ouvrage comprend trois grandes par
ties: pathologie generate, pathologie systemique et pathologie topographique et
d’organes, chacune divisee en plusieurs
chapitres.
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Ce volume de plus de 1500 pages est
un excellent outil de travail qui
s’averera indispensable a celui qui desire
maitriser la pathologie chirurgicale.
Placee au debut, la table des matieres
est bien detaillee, non surchargee et
facile a consulter. On s’y retrouve aisement. La qualite des reproductions iconographiques et en particulier des schemas
satisfait l’oeil et l’esprit. Dans un ouvrage
de cet envergure ecrit par plusieurs collaborateurs, il est inevitable que certains
chapitres soient superieurs a d’autres.
Tous cependant atteignent a un niveau
d’excellence.
Ce livre s’adresse avant tout aux cliniciens qui deja possedent de bonnes connaissances d’anatomo-pathologie, puisqu’on insiste habituellement peu sur
l’aspect macroscopique des lesions et
encore moins sur leur aspect microscopique. II ne fait aucun doute que cet
ouvrage aidera a la formation des resi
dents en chirurgie soucieux de com
pleter leurs notions et meme d’augmenter leur repertoire de techniques
chirurgicales.
M arcel C ado tte, m d

Departement de pathologie,
Universite de Montreal,
Montreal, PQ
PEDIATRIC NEUROLOGY AND NEU
ROSURGERY. Edited by Richard A.
Thompson and John R. Green. 420 pp.
Illust. Spectrum Publications, Inc.,
Jamaica. NY,
1978. $30. ISBN
0-89335-035-4.

This interesting and unconventional book
would be more aptly titled “Selected Topics
in Pediatric Neurosciences”. There are 13
chapters on the following topics: prenatal
factors affecting future development, pre
natal and neonatal screening tests of
neurologic disorders, central nervous sys

tem developmental abnormalities, auto
immune neuromuscular diseases of child
hood, migrainous syndromes in children,
convulsive disorders of newborns and in
childhood, neurosurgery of epilepsy in (carbenicillin)
childhood and adolescence, pediatric neuro
radiology, pediatric neuroanesthesia, and C O N T R A IN D IC A T IO N S : C a rb e n ic illin
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depth; they are of most value to the The d e fe c t appeared w ith in 12 h o u rs
a fte r s ta rtin g th e ra p y and to o k fro m 3 to
clinical neuroscientist.
7 days to d is a p p e a r a fte r d is c o n tin u in g
Even with its shortcomings, this book th e drug. Tw o w om e n receiving 30 g o f
d a ily developed h yp o ka le m ia
contains valuable information for ped aPYOPEN
f t e r 7 a n d 9 d a y s r e s p e c t iv e ly .
iatricians, neurologists and neurosurgeons P otassiu m le ve ls w ere 2 and 1.5 m E q /l.
and serves as an up-to-date reference on Oral p o ta s s iu m c h lo rid e ra p id ly c o r 
rected th e e le c tro ly te disorder.
certain topics.
DOS A G E : R e l a t i v e l y h i g h d o s e s o f
L.P.

Head, division of neurosurgery,
Children’s Hospital of Eastern Ontario,
Ottawa, Ont.

LINITIS PLASTICA OF THE CECUM
continued from page 284
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the best paper on a surgical topic to the Canadian Journal of Surgery. This
award is intended to promote scientific and literary excellence among
Canadian surgeons in training. In the event that there is no paper of
sufficiently high calibre, the award will not be made.
The conditions of entry for the 1980 award are the following:—
1. Candidates shall currently be engaged in a recognized surgical residency
program leading to eligibility for Fellowship of the Royal College
of Physicians and Surgeons of Canada in one of the surgical specialties
(cardiovascular and thoracic surgery, general surgery, neurosurgery,
obstetrics and gynecology, ophthalmology, otolaryngology, orthopedic
surgery, plastic surgery and urology).
2. The material to be submitted shall be in the form of a manuscript
relating to work in which a surgical resident is or has been the prime
or major investigator. Prior oral presentation at a Royal College meeting
or a surgical forum meeting will not be a disqualification, but prior
publication as a formal paper in a journal will. The paper should relate
to any field of surgical interest. The manuscript must conform to the
style requirements of the Journal and must not exceed 3000 words of
text and six tables and/or six figures. Coauthors are permitted on the
understanding that the candidate shall be the first author and that only
the first author shall be eligible for the award.
3. Entries must be received in the office of the Journal no later than
June 30, 1980. Each entry must be submitted to the editorial office of
the Canadian Journal of Surgery, PO Box 8650, Ottawa, Ont. K1G 0G8
with a letter stating that the paper is being submitted as an entry for
the Davis & Geek Surgical Essay Award.
4. All papers submitted shall be the property of the Canadian Journal of
Surgery unless returned to the author without publication.
All papers submitted will be judged by an independent committee com
prising at least one member of the editorial advisory board of the Journal,
one fellow of the Royal College of Physicians and Surgeons of Canada and
one representative of the Canadian Medical Association, together with other
fellows invited to serve at the discretion of the three permanent members
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